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Concept

AXion converts Spectrum after JPA  Spectrum at digitizer
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Want to back to spectrum right after conversion for both shape and scale



Warm Electronics Shape

Warm electronics shape (including HFET) Is very stable.
Take an average of several digitizer measurements with JPA off.
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JPA Shape: Model
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Sometimes can be modeled.
But not always success: -



JPA Shape:

pade approximation
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Scaling spectrum

cut value

- Assume spectrum Is made by
background + maybe a few signals (negligible).

standard deviation should be kT, b [W]

[20000, 160000]

<20
- Signal I1s enhanced by cavity, magnetic field,
form factor, . 0.1, 201 K
Multipl p <40 dB
P kaSySb / ( 1 + ,B COIOVQB 2florentzian)
[750, 1022] MHz

- Those values are smoothed 15 or 30 minutes.
- Cut abnormal parameters



Scale spectrum -
And optimal filtering:
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Finally we got correct
scale and shape.



Grand Spectrum

Combining each spectrum, then we get one grand spectrum.
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Find axion from that or

Get limit to compare It to expected axion power



SAG

candidate: 965.52 MHzZ

DFSZ SNR (offset)
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Software Synthetic Signals

To check we can detect sighal with the analysis method,

we Injected software synthetic signals into raw data or simulation.
Rescan Regions
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Improving Background Modeling

Distortion from DFSZ level isn't corrected
by new pade filter.
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Background Filter 6245 (2020-09-30T14:57:47.05546)
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This i1s cause of fudge factor = 0.8
We're working on it
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Bayesian Analysis

HAYSTAC people uses Bayesian
based analysis framework. Pros (compared to pvalue):  Chelsea’s slide

An improved analysis framework for axion dark matter searches - Most important: Logical interpretation. Bayesian approach answers the question:

- How does our belief in the axion’s existence change as a result of what was
D. A. Palken,’?'* B. M. Brubaker,'?:3 M. Malnou,? S. Al Kenany,* K. M. Backes,® S. B. Cahn,® Y. V. d?
Gurevich,? S. K. Lamoreaux,® S. M. Lewis,* R. H. Maruyama,® N. M. Rapidis,* J. R. Root,* M. Simanovskaia,* T. measuredq:

M. Shokair,* Sukhman Singh,® D. H. Speller,® I. Urdinaran,* K. van Bibber,* L. Zhong,® and K. W. Lehnert!2 « P-value answers: What is the probability we would have measured something
LJILA, National Institute of Standards and Technology and the University of Colorado, Boulder, Colorado 80309, USA

2 Department of Physics, University of Colorado, Boulder, Colorado 80309, USA more extreme (a I ower p Ower) than we dld?
3 Department of Physics, Yale University, New Haven, Connecticut 06511, USA
“ Department of Nuclear Engineering, University of California Berkeley, California 94720, USA
(Dated: July 30, 2020)

Simplicity:
In experiments searching for axionic dark matter, the use of the standard threshold-based data J Very easy to combine with other eXpel’imentS: jUSt mUItlple prior upda’[eS in any
analysis discards valuable information. We present a Bayesian analysis framework that builds on an

existing processing protocol [1] to extract more information from the data of coherent axion detectors Space that ove rlapS
such as operating haloscopes. The analysis avoids logical subtleties that accompany the standard N . .
iIce scaling with N

analysis framework and enables greater experimental flexibility on future data runs. Performing
Incorporates logarithmic priors

this analysis on the existing data from the HAYSTAC experiment, we find improved constraints on
No longer need to do Monte Carlo technique

the axion-photon coupling g, while also identifying the most promising regions of parameter space
within the 23.15-24.0 ueV mass range. A comparison with the standard threshold analysis suggests

No need to do the truncated Gaussian for a CDF to deal with negative power
— fluctuations

a 36% improvement in scan rate from our analysis, demonstrating the utility of this framework for
future axion haloscope analyses.

Subaggregated Updates

MADMANX collaboration curious
about this, maybe collaborate.

Subaggregated Updat:
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Summary

- Introduce analysis flow

- Software synthetic signal test
— detection efficiency ~ 90 %, fudge factor for DFSZ ~ 0.8

- An Improvement of background modeling Is introduced
— fudge factor for large signals ~ 1, for DFSZ ~ 0.8

— We're working on further improving
- We're are testing bayesian analysis for ADMX
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Define Rescan Region

Conditions:
- SNRppgy < 3

- P ocured! Popsz + AP/ Pppg, X 1.281 > 0.85

m

- P easured/AP > 340

m
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