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Motivation Calibration of the readout electronics

Dark Photons (DP) are hypothetical massive vector bosons with no direct coupling to Gain curve of RSA shows clear structure

SG filterl'01 used to remove structure

Standard Model particles

« Similar to axions DPs are a Dark Matter (DM) candidatel' 2 Remaining noise behaves Gaussian

« Represented by adding a U(1) symmetry to the Lagrangian Gain curve generally stable but varies slightly over time (Fig. 2)

* Interaction with photons via kinetic mixingl3l, strength given by kinetic mixing parameter y - Therefore not: Integrate all data, apply SG filter, analyse residual
« Assuming a DM halo consisting of DPs, axions or axion like particles (ALPs), a cavity - Instead: Integration of 1 min of data, apply SG filter, integrate residuals, analyse
resonator can be used as haloscopel” les
Cavity haloscopes second half
6.20-
» Used to search for halo DM such as axions and DPs
* Mass peak of DM particle is enhanced by cavity resonance °.18
* Axion 6.16-
* Need strong external B-field (14 T planned for SUPAX)
» Convert via inverse Primakoff effect to photons ot
» Signal power Pg ~ B? Qq Ver 1/, for random polarisation 6.12
* Dark Photons of DP field
o cos?(8) = — 8.300 8.301 8.302 8.303 8.304 8.305 8.306
* No magnetic field necessary [0,1/,] for fixed polarisation Frequency in GHz
- Oscillate into photons via kinetic mixing of DP field, depending FIG. 2 Hours 1-6 and 7-12 of a 12 h consecutive gain curve acquisition.
Sianal o~ OV 2(0) on location of experi-
 Signal power Pq ~ CoS - .
I POWET s ™ Mo Yer ment and data acqui- Dark Photon Analysis
- Previously reached quality factors Q, ~ 1.2 x 106 [ sition time
» For frequencies near 8 GHz (33 peV) upto 8 T 1. Removal of the coarse structure
- Using superconducting tapes = not suitable for cavities with curvatures imprinted by the electronics on the ~1208 " Dota over gain
] —— SG filter applied
» SUPAX is testing superconducting NbN coating to improve Q, without tapes measured spectrum (Fig. 3 blue = orange) -10¢
2. Removal of the variable gain curve £-121.0
=
and the cavity's resonance structure @il
via an SG filter & normalisation of resulting
—121.3;
spectrum (Fig. 4) 8300 8301 8302 8303 8304 8305 8.306
FIG. 3 Frequency in GHz
3. Limit setting Raw acquired data, data over electronics

gain curve and SG filter on 126 min data run.

 SNR (Fig.4) tested for significant values
(> 50 at 95% CL = 3.4550) in signal regionl™

(at resonance freq. f. = 8.303 GHz) 4
FIG. 1 Copper cavity with effective volume V= 18.8 £ 0.2 cm3, Q, = 39660 + 518 . Comparison with theoretical SNRI5-8] pS/ 3
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FIG. 5 Limit plot for dark photon kinetic mixing y.['?l Green limits are helioscopes, halocopes are
coloured red. SUPAX is highlighted in yellow.
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Improvement of Q, by using superconductor coating with high critical B-field

First measurement with cryostat at and below 4.2K

First axion measurements with 14T magnet
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Construction & testing of a new tuneable cavity design without tuning rods



