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Data acquisition (or, how do we get science data out of 50L7?)

The data acquisition system refers to all real-time data handling and processing, including
both hardware and software
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DAQ architecture
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Grey boxes: where its located
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Grey boxes: where its located
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Grey boxes: where its located
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Grey boxes: where its located

DAQ arCh |teCture Arrows: direction of communication
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Grey boxes: where its located

DAQ arChiteCture Arrows: direction of communication
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Grey boxes: where its located

DAQ arChiteCture Arrows: direction of communication
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DAQ architecture

Grey boxes: where its located
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Extensive room temperature testing has already been conducted

e Full integration includes integrating measurements into software
to enable remote/sequenced operation

Measurement = Acquisition + Online Analysis

Ringdown On-resonance burst injection into Measuring Q, fO Done Tested on simulation and at room temperature, cold tests
resonator forthcoming
Sideband Off-resonance injection into mimetic Measuring system Done Tested on simulation, room temperature testing forthcoming
Injection loop, resonator, or SQUID amplifier gain
SAG Axion lineshape injected into resonator Blinding, end-to-end In progress Preliminary design tested at room temperature
gain
SQuiD Adjusting bias current and feedback to Bias point selection In progress Control scripts written, awaiting testing
biasing select bias point




Measurement Characterization: Ringdown

e Developed room temperature resonator boxes to test injection and analysis

f0 (MHz) Q-value
Board 1 4700 uH 50 pF 0.328 3.28 x 1075 0.316 -3.67% 421
Board 2 220 uH 50 pF 1.517 1.517 x 10%6 1.418 -6.53% 2.53
Board 3 47 uH 50 pF 3.283 3.283 x 1076 3.207 -2.32% 2.33
Low-Q RLC Resonator (developed by David Zhou) High-Q quartz crystal resonator (developed by Noah
Haile)




Measurement Characterization: Ringdown

e Developed room temperature resonator boxes to test injection and analysis

f0 (MHz) Q-value

Board 1 4700 uH 50 pF 0.328 3.28 x 105 0.316 -3.67% 41
Board 2 220 uH 50 pF 1.517 1.517 x 1046 1.418 -6.53% 2.53

Board 3 47 uH 50 pF 3.283 3.283 x 10%6 3.207 -2.32% 233

Low-Q RLC Resonator (developed by David Zhou) High-Q quartz crystal resonator (developed by Noah
Haile)

Status:

e Informed improvements to ringdown analysis code, including filter debugging, log-linear vs linear

amplitude fitting mode, and robustness improvements (Sergio Cuadra)




Measurement Characterization: Ringdown

e Developed room temperature resonator boxes to test injection and analysis

f0 (MHz)

Q-value
Board 1 4700 uH 50 pF 0.328 3.28 x 10°5 0.316 -3.67% 4.21
Board 2 220 uH 50 pF 1.517 1.517 x 10%6 1.418 -6.53% 2.53
Board 3 471 233
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Measurement Characterization: Ringdown

e Developed room temperature resonator boxes to test injection and analysis

f0 (MHz) Q-value

Board 1 4700 uH 50 pF 0.328 3.28 x 105 0.316 -3.67% 41
Board 2 220 uH 50 pF 1.517 1.517 x 1046 1.418 -6.53% 2.53

Board 3 47 uH 50 pF 3.283 3.283 x 10%6 3.207 -2.32% 233

Low-Q RLC Resonator (developed by David Zhou) High-Q quartz crystal resonator (developed by Noah
Haile)

Status:
e Informed improvements to ringdown analysis code, including filter debugging, log-linear vs linear
amplitude fitting mode, and robustness improvements (Sergio Cuadra)

e Observed mode coupling behavior being further studied with SPICE simulations (Pam)



Measurement Characterization: Ringdown

e Developed room temperature resonator boxes tc

f0 (MHz) Q-valus
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Measurement Characterization: Ringdown

e Developed room temperature resonator boxes to test injection and analysis

f0 (MHz) Q-value

Board 1 4700 uH 50 pF 0.328 3.28 x 105 0.316 -3.67% 41
Board 2 220 uH 50 pF 1.517 1.517 x 1046 1.418 -6.53% 2.53

Board 3 47 uH 50 pF 3.283 3.283 x 10%6 3.207 -2.32% 233

High-Q quartz crystal resonator (developed by Noah

Low-Q RLC Resonator (developed by David Zhou)
Haile)

Status:
e Informed improvements to ringdown analysis code, including filter debugging, log-linear vs linear
amplitude fitting mode, and robustness improvements (Sergio Cuadra)
e Observed mode coupling behavior being further studied with SPICE simulations (Pam)

e Cold resonator prototype under development by Alex Droster & Noah Haile



Measurement Characterization: SAG

e Synthetic axion generator (SAG) designed and implemented by Barkotel Zemenu

Can we inject fake “axion” signal to (a) test

readout chain end-to-end with axion-like signal
Afa
—> Afoin and (b) develop blinding scheme for the analysis?

fa n

Status:




Measurement Characterization: SAG

e Synthetic axion generator (SAG) designed and implemented by Barkotel Zemenu

Can we inject fake “axion” signal to (a) test

readout chain end-to-end with axion-like signal
Afa
—> Afoin and (b) develop blinding scheme for the analysis?

fa "

Status:

e Exploring different designs: weighted tone injection vs RF-hopping? (Barkotel)




Measurement Characterization: SAG

e Synthetic axion generator (SAG) designed and implemented by Barkotel Zemenu

Can we inject fake “axion” signal to (a) test

readout chain end-to-end with axion-like signal
Afa :
KEYSIGHT N9324C SqurumAnulr o \lf’le-ZﬂGHz me for the analysis?

APKEYSIGHT10:23:59 2025.06.24
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Measurement Characterization: SAG

e Synthetic axion generator (SAG) designed and implemented by Barkotel Zemenu

Can we inject fake “axion” signal to (a) test

readout chain end-to-end with axion-like signal
Afa
—> Afoin and (b) develop blinding scheme for the analysis?

Status:

e Exploring different designs: weighted tone injection vs RF-hopping? (Barkotel)

e Extensive conversations about hardware requirements and limitations (Pam, Barkotel)




Measurement Characterization: SAG

e Synthetic axion generator (SAG) designed and implemented by Barkotel Zemenu

Can we inject fake “axion” signal to (a) test

readout chain end-to-end with axion-like signal
Afa
—> Afoin and (b) develop blinding scheme for the analysis?

Status:
e Exploring different designs: weighted tone injection vs RF-hopping? (Barkotel)

e Extensive conversations about hardware requirements and limitations (Pam, Barkotel)

e Preliminary plans re: DAQ plan and rescan strategy (Barkotel, Jessica Fry, Kenny Vetter)




Measurement Characterization: SAG

e Synthetic axion generator (SAG) designed and implemented by Barkotel Zemenu

Towards a Synthetic Axion Generator for DMRadio ast
1 1

Barkotel Zemenu! .
‘ ! Department of Physics, Stanford University, Stanford, CA 94305, USA DIgnal

- (Dated: October 6, 2025)
g 3 Direct searches for axion dark matter rely on detecting extremely narrowband electromagnetic a na IyS|S [
Ecifor; persstence ! signals whose Maxwellian spectral shape reflects the local axion velocity distribution. To validate

4 X experimental sensitivity, it is essential to inject realistic axion-like signals into the detection chain.
i Falls off-resonance High-frequency cavity haloscopes such as ADMX and HAYSTAC have developed a Synthetic Axion
P X\ Generator (SAG) for this purpose. In this paper, we introduce the first SAG developed for low-
Set limit for nibble —— frequency, lumped-element haloscopes such as DMRadio. We provide a derivation of the Maxwellian
shape of the signal, detail the waveform injection protocol, and present results obtained from in-
It wasn’t RFI jecting the DMRadio SAG into a low-Q resonator.
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e Preliminary plans re: DAQ plan and rescan strategy (Barkotel, Jessica F




Measurement Characterization: Sideband Injection

e Sideband injection is an off-resonance injection into the mimetic loop/resonator/amplifier to

measure system gain

11111

11111

ssssss

11111

nnnnnnnn

All plots courtesy of Shreya Puranam

e Sideband analysis code tested on simulation from run-dmr (Kenny Vetter, Shreya)
e Feasibility of room-temperature testing explored in LTSpice simulation (Shreya)
e Acquired broadband room-temperature noise source to inject noise into system, testing underway

(Pam, Shreya)
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Data acquisition software (“dmr-software”) structure

|, Root directory where all DMRadio
packages are installed

dmr-software/
|- dmr-sequencer/
|- dmr-hardware/

{ dmr-analysis/ |
—— Cloned repos as
— dmr-common-code/

Color Key ‘
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dmr-sequencer dmr-processing
| | | \

Full data collection and hardware
controller

Online calibration
measurements

necessary A i
|—- dmr-database/ ff - L I
f dmr-mMe [ dmrcommoncode | [ dm—@tabase )
I_ requ l rement S. txt L Hardware drivers J\ L Shared cofe J L ¢Database interface code J
I_ README [ md ( . dr.nr-analysis ' W
— dmr-website/ e
README.md

Virtual environment, instructions
setup.sh and setup files
venv/

requirements-all.txt — Comprehensive list of dependencies
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Multi-threaded operation minimizes downtime and increases scan speed

This may be multiple traces
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Multi-threaded operation minimizes downtime and increases scan speed

We now have many more answers that have informed our design!

Do we wait?
PSD 1 PSD 2 PSD 3 PSD 4 PSD 5 — |
|
Oh no! PSD 3 | ;
catastrophically ¢ ‘ $ ¢ l Oh no!AD 3
failed. What do? AD object 1 AD object 2 AD object 3 | AD object4 | | AD object4 | processing failed...
l What do?
|
// '
Core | Thread 1 | ADobject1 | ¢ - | :
\ —_
1 | Thread 2 | ADobject2 | 'y 1 | How c:)q we
combine
Thread 3 AD t 3
Core 2 | | subspectra?
2 | Thread 4 | AD object 4 | | |
Core | Thread 5 | AD object 5 | I
|
3 | Thread 6 I
|
\ ¢ + |
Pineline FFT FFT FFT FFT FFT :
P object 1 object 2 object 3 object 4 object5 | |1




Seamless database/sequencer integration needed to record metadata

Completed.:
e Finalized database design and data flow : — =
e First integration merge into Sequencer = = = L E
e Production schema deployment plan M

e |[nitial measurements testing with database

In progress:

e Robust error handling and session management

Color Key
Website Interface

e Fully database-integrated hardware tests




Grey boxes: where its located

DAQ a rCh iteCtU re Arrows: direction of communication
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Grey boxes: where its located

DAQ d rCh |teCtU re Arrows: direction of communication
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Grey boxes: where its located

DAQ a rCh iteCtU re Arrows: direction of communication
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Grey boxes: where its located

DAQ a rCh iteCtU re Arrows: direction of communication
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Grey boxes: where its located
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Woodstock compressor and pressure readout Coming soon: Alert system!

Local DAQ team has been working
closely with cryostat team to deploy

slow monitoring systems for

Woodstock

Slow monitoring data is monitored

using Grafana dashboards S i O TinkerCAD rendering of Arduino
readout

e Temperature, pressure, and heater

Signal — 4.7Q =

. I —Tam | 2: o)

logging J ral B S
itari I il ]
e Compressor monitoring B ]




DMRadio-50L Internal Website: http://171.64.108.119/home/

The website is the centralized resource hub for all remote controls

and operation within 50L — accessible with VPN!

Existing functionality:

e User registration and role-based access
e Registering thermometers and pressure gauges, recording
thermometer calibrations, saving thermometry configurations

for cooldowns

A Home

8 Calibration ~

Thermometry

Temperature Logger
l~ Operations ~

Hardware
Configurations

l~ Monitoring ~

Grafana

Compressors



http://171.64.108.119/home/

DMRadio-50L Internal Website: http://171.64 108 119/home/

xisting Thermometers

. D Type Cryostat Fixed  Location Lakeshore ~ Channel  Actions S —
RO600-5870 Resistive Snoopy True  None None None 23 |
U10858 Resistive False  None None None 230 |
Z ®

. U10558 Resistive False  None None None

R10481 Resistive  Snoopy True Snoopy MXC plate LS372 6
PT1383 Resistive  Snoopy True Snoopy 40K plate LS372 i
X129217 Resistive  Snoopy True Snoopy 4K plate LS372 2
A Home Add/Manage Sensors Calibrate Thermometers X129578 Resistive  Snoopy True  Snoopy still plate Ls372 5
X229284 Resistive Woodstock  True Woodstock 40K plate LS336A 2
8 Calibration . .
Sensor Calibration
|~ Operations
+ Add Calibration i= Existing Calibrations
|~ Monitorin
4 9 Serial ID
U108E8 Serial A o
ID Function Coefficients
Thermometar. Type U10858 Inverse  {"A0":0.032681,"A1":-0.036725,"A2":0.011908,"A3":-0.003509,"A4":0.000533,"A5":-0.000187,"A6":-0.000055,"A7":-0.000
Resistive Chebyshev
U10858 Inverse  {"A0":0.379527,"A1":-0.481856,"A2":0.216376,"A3":-0.082861,"A4":0.028847,"A5":-0.008807,"A6":0.002524,"A7":-0.0010:
Calibration Function Chebyshev
None
Min. Resistance (Ohm) Calibration Curve
0

Resistive Thermometer Calibration: U10858
Max. Resistance (Ohm)

0 o
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»
2
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http://171.64.108.119/home/

DAQ resources are meant to support all collaborators

Considerable DAQ effort put towards developing tutorials and resources, refactoring

software and creating accessible entry points, and writing documentation!

Intermediate Users Advanced Users

Guide to DMRadio-50L DAQ

File Edit View Insert Format - Remote - Remote operation - Software development
QAMenis & & & A = 4 Expected mon_itoring . - Sqripts for automating - Data management
1 Usage - Shifter duties testing - Full analysis pipeline
‘ - Log access
e
S— . - Grafana - Quick Start tutorials - Full Github access to
INCICI e - Website - Python interfaces with | dmr-software
B SuldstosOl 2 7 Resources hardware drivers and - Development guides
~ @ Installation Guides database (in progress) (in progress)

Everyone should have immediate access to critical experimental infrastructure without
needing to interface with low-level software



Enormous progress has been made towards building a DAQ that will enable us
to quickly transition to data-taking

There is more to do — but we have a lot of momentum and a good plan going forward!

Special thanks to everyone on the DAQ team:

MIT: Lindley Winslow, Jessica Fry, Kenny
Vetter, Sergio Cuadra

Stanford/SLAC: Kevin Wells, Alex Droster,
Chelsea Bartram, Andrew Yi, Pam Stark,
Barkotel Zemenu, Noah Haile
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LBNL/UBerkeley: Chiara Salemi, Shreya
Puranam




DAQ vs Run Plan

Afa

A.fbin

fa

DAQ Plan

o What digitizer parameters should we
use across the 50L frequency range?

e When and how often should
calibrations should be performed?

Run Plan

How long do we spend in each
region of frequency space?
How does this translate into
limits on Gavyy?




