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1. Introduction 3. Search schemes for axions using ultra

The Physics and Sensing thrust of the Superconducting Quantum Materials and : i

Systems (SQMS) center Is developing searches for dark photons, axions and h Ig h Q SR F CﬂVltl@S

ALPs With the go_al of improying upon _the curr_ent stz?\te—of—_the—art sensitivity. We 2-mode axion DM cavity: e

are actively working on multiple experiments, including axion haloscopes, DM . Design completed, currently o ot
dark photon searches and light-shining-through-the-wall experiments. All these srocuring prototype cavity T[] ===\
efforts leverage on Fermilab expertise on ultra-high Q superconducting RF + Pump mode: TM

cavities combined with the center research on QIS and quantum technology. + Signal mode: TEOlO

This poster focuses on three axion searches that utilize ultra-high Q SRF . Af~1MHz. with 2%_'2 tunable range __
cavities and their resonant modes to enhance the production and/or detection of | (a) Cartoon of cavity setup, (b) Signal parametrics. [3]
axions in the cavity volume. In addition, multi-mode and single mode non- e Ema y " T e o
linearity measurements are being carried out as part of an experimental

feasibility study to gain insight on the behavior of the ultra-high Q resonators and

the RF system in the regime relevant for axion searches.
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2. SRF cavities for axion searches

Sensitive to light axions and axion-like particles (ALPS)
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Resonant detectors can exploit the coherence of the axion field: . 4 w 2
o |f m.a.~ue?V, the_ axion oscnlat_es at ~GHz — searches Implemented usSing NC [3] Berlin, et al., JHEP, DOI:10.1007/JHEP07(2020)088
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 For lower axion masses: prohibitive large cavities — different approach is 3-mode axion cavity:
necessary: heterodyne detection * Design is being finalized A
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4. Feasibility study at 2K ” I
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search schemes: 5 € <l A S
« Necessary to measure noise background in SRF o ot/ it || g . g e e
cavity o [5] Gao & Harnik, JHEP, DOI:10.1007/JHEP07(2021)053
» Study possible energy leak from excited mode(s) o B
to other resonant modes or to linear e |, 5. Conclusions
i . ’ 1.3$z Bandpass filters >< ] . ] ]
combinations of pump modes i =y * Three search schemes for axions and axion DM are under consideration:
Nonlinear Meissner effect: for incident photons in 2 modes (w,, w,) nonlinear o 2-mode axion DM cavity: design completed
term in the current response can lead to current sources at w; € {3w;, 2w; + w;} o 3-mode axion cavity: finalizing the RF design
with i # j and i,j = 1,2 [6] Sauls, PTEP £ o LSW axion search: design will start soon
DOI:10.1093/ptep/ptac034 o momenas ) | - . . _
PEERIP . _ . | (Noexcitation ofthe) ||| 8 | Feaer i * Feasibility study in preparation for axion searches development:
* 1-mode measurements on 9-cell SRF cavity: g 2 45GHz resonant | | | 1 | caiy i . . .
. . ° mode detected - o Study of nonlinearities in SC cavities: necessary step to successfully
o 1 mode excited in the cavity: E,..=12.5MV/m, :

Implement axion searches
o 1-mode measurements on 1.3GHz 9-cell cavity:
» Measurements of resonant modes ~1GHz away from pump mode

Q,=2E10 — no excitation of other resonant
modes ~1GHz away detected above

. 2-m(l)3§§ l;ﬁg;gﬂcrlémems. T ey showed no excitation above background level
' L _ | e side s o 2-mode measurements on 1.3GHz 9-cell cavity:
© Wy and W, € T MQlO excited in the cavity Em] || _ » Cavity geometry Is not optimized for nonlinearity measurements: the
> linear combinations at 2w; — w; — generated Lol sensitivity on 2w; — w; is limited by SA intermodulation of pump modes
> Il_n signal ans_lyzte_r (SA)t 2o fod | ; > Still determining the source of 2w; + w;: thorough study of power
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