Searching for potential signals In
DMX G2-Run1C
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T warm electronics (DAQ rack) this way

Weak Cavity
Port Bypass

JPA

Hot Load
Pump  Through 300 K
4 K
1K
|:| Hot 400 mK
Load
100 mK
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NG 2 comp oonents...

....c:v‘-c.‘ e =

- —-'- .r; —-

™ s ~ ” ,'—7.‘,“
3 - _

= | e sl

o = il - s b — ~ — PO - L 'MT

I e

Expected Axion Signal Power:

B . 1% B \* /Coo @ 9y \? Pa Ja
P = (8.05x10 )(136£> (7.6T) ( 0.4 ) (80,000) (0.37) (0-45G6V/CC> (1020MHZ)

V: cavity volume gy: axion photon coupling
B: static magnetic field Pa: dark matter density
Co10: form factor fa: Axion frequency

Q: quality factor

Expected Noise Power:

System noise is a result of amplifier noise and physical temperature

Tsys — <L phys =+ Tamp
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Medium Resolution Analysis

10,000 of the 10-
ms subspectra
were coadded
together at the level
of the digitizer code

Results in 100
seconds worth of
data (integration
time)

Raw spectra
undergo processing
before axion signals
can be identified

Normalized Power (V?2)
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Example Raw Spectrum

693.87

693.88

693.89

Frequency (MHz)

693.90

693.91
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Warm Electronics Shape and Fit
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e Spectrum after .
warm electronics
background and
cold electronics
shape is removed

 Gray band shows
10 error bar.

Excess Power SNR

 \Warm electronics shape is measured and
fit out explicitly

* Cold electronics shape is fit out by fitting
large-scale structures (not narrow peaks)

Example Filtered Spectrum (excess, SNR)

693.87

693.89 693.90

Frequency (MHz)
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* A real axion signal
would follow this
Lorentzian shape

* Can be used to identify
radio frequency
interference (RFI) vs
axion. Noise entering
downstream of the
cavity will not follow the
Lorentzian shape of the
cavity.

Watts/Kelvin

le—21

Lorentzian Weighted Spectrum
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Frequency (MHz)
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Co-adding procedure:

* Divide power by the system noise Compute grand spectrum power
P/ o = (P /Tsys) * Lorentzian N pi y
Z scqze
j=0 7
* Divide by Q, V, Co10, B2 to obtain the P, =

unit axion power

pl _ pl

() (7) (0) (&) .
lgcaled 1,lor CO 10 V Q B2

I 1S the bin Index, J Is the scan Index
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« Combination of the individual processed raw spectra

* Axion candidates are identified at this stage

SIMULATED DATA!

Grand Power Excess (in Sigma)
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SIMULATED DATA!

Grand Power Excess (in Sigma)

20 1

- SOFTWARE INJECTIONS

10 -

Generated at the start of the
analysis and include axion line
shape

Excess (Sigma)

9.86 9.88 9.90 9.92 9.94
Frequency =8

* Used to determine our detection efficiency and verify our analysis

 Developed new techniqgues to mitigate sensitivity reduction due to baseline
removal.
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T e o A E ackground-Subtracted
Raw Spectra

rADMX Rescans B
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When do you decide to rescan?

3 conditions:

Single Spectrum SNR (offset)

* Not enough data (low SNR): min SNR of 3

I
Synthetic DFSZ Synthetic KSVZ

_ Signal  Signal
— ¢+ 3.40 excess N l l
r go | Optimally Filtered \
c% Combined Spectra
« Excess at DFSZ threshold or above P
-
3

Pmeasured + 0.850 > PDFSZ 0 Mw

-20

647.99 648 648.01
Frequency (MHz)

There will always be some of these remaining just due to statistics!
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Persistence Checks
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* Synthetic axion signals
should go away when
turned off

 RFI that comes and goes
IS clearly not an axion

* Virialized axion signal
would persist in every
scan

 TiIme between scans
typically 2 weeks or less.
Important details for
high-res search.

Scan 3 Scan 2

Scan 4
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DFSZ SNR (offset)

candidate: 918.495 MHz
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0.1846 9.1848 9.1850 9.1852 9.1854
frequency [HZz] 1le8
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Persistence
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candidate: 896.448 MHz

Secondary SAG [—

....................................................................................................................................................

....................................................................................................................................................

 Areal axion or a 10-
secondary SAG would
persist in all scans,
requiring the operators to
advance to the next step
In the data-taking

decision tree. . =

e Move to the TMO11 0- S

mode.... 50 8.9640 8.9642 8.9644 8.9646 8.9648 8.9650
frequency [HZz] 1le8
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Clearly a synthetic because it appeared to be even stronger on the TM011 mode

60 -

Power (Arb)

20 -

Synthetic Candidate
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8.964375 8.964400 8.964425 8.964450 8.964475 8.964500 8.964525 8.964550 8.964575
Freguency (Hz) le8

Clear Maxwell-Boltzmann line shape generated by SAG.
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How to go from grand spectrum to an exclusion limit?
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Given a measured SNR, find the y which corresponds to 90% confidence level, where

(Sigma)

Excess

Axion photon

10 A

-10 4

Measured SNR

coupling ratio for an axion

Grand Power Excess (in Sigma)

986 988 9.90 9.92 994
Frequency

le8

16

u=0

(No axion case)

u=X

(Measured case)
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Coavity Frequency (GHz)
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Axion Mass (ueV)

Bartram, Chelsea, et al. "Axion dark matter experiment: Run 1B
analysis details." Physical Review D 103.3 (2021): 032002.
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* Run 1C data-taking
progressing from 800 MHz —
1020 MHz

* First pass at somewhat lower
sensitivity (roughly 2x DFSZ)
due to COVID limitations
(assuming 100% axion dark
matter density)

* Will resume at DFSZ sensitivity
after post-Covid improvements

* |mprovements already made to
SAG, analysis, etc
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| First pass through nibble t
at fixed tuning rate

Continue to next

| Rescan at variable
nibble |

tuning rate

= — — — — ———— _————

Continue to next |
nibble ‘
)

NOTE!
Just due to the statistics involved

with our tuning rate
this doesn’t ever realistically

happen!

Axion Search Decision Tree

21

Number of scans at any given frequency is not fixed!

Continue to next
nibble
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rAxion Search Decision Tree

!
r

{l
|

Make RFI Checks |
?!

| SEMIMWED RS | .,é' Turn off secondary ;
| nibble ! o !
L ) synthetic axion injections ﬂ
MAGNET RAMP ALERT!
} Continue to next | fi Check for signal !
i\ nibble ‘ suppression in TMo11 !
| mode h
| Continue to next  § .,é' Check for signal scaling 2‘
| nibble g‘ with B2 !
. e —

22

Continue to next
nibble

Axion found! Study line
shape, etc.
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