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Importance of Vibrations

e Causes errors in superconducting qubits and
degrades performance of sensitive particle

detectors Mechanically Thermal
Induced Vibrations fluctuations, Bit flip
microphonics, Error!!
. . . increased
* Affected experiments can include neutrino- N
nucleus scattering (RICOCHET), neutrinoless
Cryogenic :
double beta-decay search (CUORE), dark Calorimeter ST T
matter search (SuperCDMS)... — \ /'
Vibrations
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Colorado Underground ——
Research Institute (CURIE) ‘m=—

« Future physics lab located
under ~200m of rock

Surface magnetometer array

CURIE - Edgar Mine
415 m.w.e. - 700x fewer muons

* Measured 700x muon
attenuation IS S -x

lonizing-radiation detectors

Dilution refrigerator

* Vibrations, electromagnetic, £ | vibration sensor [/

and radon noise also important ® |

Control & > Magnetometer
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electronics

s —O magnetic

Talk at CPAD: "The Colorado Underground shicid
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qubit calorimeter
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I\/Iaybell Quantum Fridge Plus o P

Minus-K Isolators

1,2, 3... Hz
Vibrations

Internal
Suspension, 3-
Point Kevlar Rods

Mixing Chamber, 10 mK

Adk Mu-Metal
Magnetic Shield
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Maybell Quantum Fridge Plus o P

Minus-K Isolators
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Maybell Quantum Fridge Plus o P

Minus-K Isolators

1,2, 3... Hz
Vibrations

Internal
Suspension, 3-
Point Kevlar Rods

Mixing Chamber, 10 mK

Adk Mu-Metal
Kevlar Rods — Magnetic Shield
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Piezoelectric Sensors and Geophones

2271A (Lowtemp) 393B05 (Roomtemp) HG-2 Geophones
PCB Piezotronics PCB Piezotronics HGS Products
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Sensor Operation and Specifications

Piezoelectric

Seismic
mass

High Impedance
Charge Charge
Piezo crystal amplifier
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Sensor Operation and Specifications

Piezoelectric Geophone

Spring
Coil

Seismic
mass

High Impedance
Charge Charge
Piezo crystal amplifier

Signal out

" Case
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Sensor Operation and Specifications

Piezoelectric Geophone

Spring
Coil

Seismic
mass

High Impedance
Charge Charge
Piezo crystal amplifier

Signal out

" Case
Sensor Lowtemp Roomtemp Geophone
Frequency Range DC to 4 kHz DC to 500 Hz DC to 100 Hz
Sensitivity Deviation due -15 % at ~5 K Not cryo-compatible Unknown
to Temperature

Magnet
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Accelerometer Measurement Chain

Thermalized
wiring tree

Geophones

Lowtemp | Roomtemp
Sensor Sensor

Mixing Chamber

—

) COLORADO SCHOOL OF MINES



Accelerometer Measurement Chain

Geophones

Thermalized
wiring tree

Mixing Chamber

Lowtemp
Sensor
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Low-noise 1 kHz
= Amplifier % Lowpass
LNA10 Filter
(V N\ 4 N\
Charge Signal 2 kHz
Converter = Conditioner =% Lowpass
422E11 480E09 Filter
Signal
ggr?sﬁgtremp » Conditioner
480E09

G

Digitizer

(Spectrum
M2p.5911)

Low-noise
chassis
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Data Analysis

Sensor Calibration Amplitude Spectral Density (Welch's Method)
Geophone Sensitivity Calibration

12001 e Calibration Data
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Lowtemp Flat Sensitivity: 0.1249 V / (m/s?)

Roomtemp Flat Sensitivity: 1.042 V / (m/s?)
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Data Analysis
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Data Analysis

Sensor Calibration Amplitude Spectral Density (Welch's Method)

o Average FFTs, apply Hanning windowing (U)

Geophone Sensitivity Calibration
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Data Analysis

Sensor Calibration Amplitude Spectral Density (Welch's Method)

o Average FFTs, apply Hanning windowing (U)

Geophone Sensitivity Calibration
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LOW Tem perature Vibrational Noise over 1 Hour (40 K)
Measurement
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Low Temperature
Measurement

From Geophones, RMS
displacement from 10 Hz to

200 Hz:
/Z Axis = 86.7 nm
X Axis = 209.4 nm
Y Axis =70.2 nm
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Vibrational Noise over 1 Hour (40 K)
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Low Temperature
Measurement

Calibration at cryogenic
temperature not confirmed

From Geophones, RMS
displacement from 10 Hz to

200 Hz:
/Z Axis = 86.7 nm
X Axis = 209.4 nm
Y Axis =70.2 nm
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Vibrational Noise over 1 Hour (40 K)
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Noise Correlation

N
(6,
o

Exploring further vibration
mitigation

N
o
o

Displacement RMS [nm]
o
o

100
Finding optimal N
compressor frequency .
combination for vibration T |

. — 1.2

and cooling power >
Y 1.1

S
Other tests can include @ 1.0
tuning Minus-K, 509
decoupling rotary valves, = el

positional measurement
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Displacement RMS and Pulse Tube Frequency

—4— Y Axis
: Z Axis
—4— X Axis

—— Pulse Tube B
Pulse Tube B :

0 5 10 15 20
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SQUID Cross Correlation

Power spectral density

Pulse-tube
Vibration peaks
sensor

B(x)
( )i (1)
-\/\/
> X(t)
}
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SQUID Cross Correlation

Power spectral density

Pulse-tube
Vibration peaks
sensor
B(X) DC SQUID
( ’* e e
> X(t) PN
' l : ‘ *
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SQUID Cross Correlation

Power spectral density

Pulse-tube
Vibration peaks
sensor
B(x) DC SQUID
* | | — \A\Jw
> x(t) PN
Y " \ Calculated Coherence
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TES Picture STJ Picture

Conclusions

* Functional sensor
setup, looking for ideas to PR st i
_ _ _ * ARNNARARANAARRR Ll
Improve Callbratlon and , 111 mx Im)uuu ‘H””"Wﬂu
sensor noise ‘ |
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« Cross-correlation functions
with SQUID magnetometer,
transition edge sensors (TES),
superconducting tunnel Bi-Weekly
junctions (STJ),
superconducting qubits to
identify and mitigate noise
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vibrational noise
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PT On and Off PT On and Off, Geophone Sensors
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2271A Noise

Similar Vibration Events

: : _ —— Event 1 (42.333s)
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Calculating Coherence between Lowtemp and
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Compressor Frequency Sweep

Displacement RMS and Compressor Frequency

* Measured
Displacement RMS for
each 10 minute
compressor frequency
change

Displacement RMS [nm]
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w
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* The typical variance in
displacement RMS is a
+/- 2 nm, so these
values should be fairly
accurate.
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Geophone Analysis

* Numpy.interp function used
to create an interpolation for
sensitivity (V / m/s) at a
given frequency

e (Calculated PSD as shown
previously, then converting
to acceleration PSD

PSD, = (PSD,);(2nf;)/(Sensitivity)
senslItivity converts voltage
to m/s, and the other term
converts velocity PSD to
acceleration PSD.
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Rolling RMS

Acceleration Rolling RMS and Compressor Frequency
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Hz]

Acceleration [m/s? /

Time Series data

2271A Geophones

Vibrational Noise ~10 mK

Vibrational Noise ~10 mK
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Room Temperature, PT Off

Vibrational Noise at Room Temperature (1 Hour long)
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