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We show that dark matter axions cause an oscillating electric current to flow along magnetic field lines.
The oscillating current induced in a strong magnetic field EO produces a small magnetic field Ea We
propose to amplify and detect B’U using a cooled LC circuit and a very sensitive magnetometer. This appears
to be a suitable approach to searching for axion dark matter in the 1077 to 10~® eV mass range.
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Axions are a promising cold dark matter candidate. Haloscopes, which use the conversion of axions to
photons in the presence of a magnetic field to detect axions, are the basis of microwave cavity searches such
as the Axion Dark Matter eXperiment (ADMX). To search for lighter, low frequency axions in the sub-
2 x 1077 eV (50 MHz) range, a tunable lumped-element LC circuit has been proposed. For the first time,
through ADMX SLIC (Superconducting LC Circuit Investigating Cold Axions), a resonant LC circuit was
used to probe this region of axion mass-coupling space. The detector used a superconducting LC circuit
with piezoelectric driven capacitive tuning. The axion mass and corresponding frequency ranges
1.7498-1.7519 x 1077 eV (42.31-42.36 MHz), 1.7734-1.7738 x 1077 eV (42.88-42.890 MHz), and
1.8007-1.8015 x 10~7 eV (43.54—43.56 MHz) were covered at magnetic fields of 4.5 T, 5.0 T, and
7.0 T, respectively. Exclusion results from the search data, for coupling below 10~!> GeV !, are presented.



LC circuit premise

» Axion field alters Maxwell’'s Equations
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- In the presence of an external magnetic field B,
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LC Circuit Sketch

: Low SQUID
Ja = =} uﬂt @ Q 861
Ly = -— :fvmganyBO
B, .
pa =730’
5V,  [4kgTOAD
51T = — = :
R Lw

LC Circuit diagram,
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Projected sensitivity with ADMX magnet
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Pilot experiment

 Thesis of Nicole Crisosto. Being continued by Alex Hipp (and Neil Sullivan).
* NbTi loop, NbTi parallel plate capacitor.
« 8 T magnet, 15 cm diameter, 45 cm length.
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Pilot Experiment LC loop
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Pilot sensitivity

Axion Mass m 5 (neV)

175 176 177 178 179 180
10-10 3 T | — T T r T . .
101 L
1012 |
T - CAST _
E 1013 | DFSZ
é ) : KSVZ :
g 1077 ¢ 90% Limit without RF1 estimated
3 ' 90% Limit, RFI Limit s ]
105 L ]
1016 | |
10-1? [ ] 1 | , . )

422 42 4 426 42 8 43.0 432 434
Frequency (MHz) &

Fermilak ___ .



Fermilab 2024

SLIC in EFR

Loop is 100 cm long by 40 cm high. L ~ 3.5 yH.
Capacitor has 50x50 mm plates, d =4.5 mm. C =4.9 pF.
Second cap 25x25 mm plates. C = 1.2 pF

Alumina slab, € = 10. Raises C to 49 and 12 pF.
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Observing scenarios

* Tuning range:
— 4.9-49 pF 38 — 12 MHz
- 1.2-12 pF 77 —24 MHz

* A: Maxwellian
— p=0.45 GeV/cm?3 and Av = 300 km/sec
— Aflf ~10°% (Af ~40 Hz @ f= 40 MHZz)
— Resolution time at 40 MHz is 50 ms.

« B: the big flow in the Caustic Ring model
— p=6 GeV/cm3 and Av =70 m/s with v_, = 300 km/sec
— AfIf ~2.3x107° (Af ~10 mHz @ f =40 MHz)
— Resolution time at 40 MHz is 200 s. (Chirp is 0.3 mHz.)
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SNR
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 B: Compared to estimate for ADMX
— Volume is increased by 2.
— Field is increased by 1.15
— Sqrt Axion density by 2.4
— [, increased by 5.6

— But sqgrt Temperature increased by 72
* QOverall loss in sensitivity is 13.

e Qverall loss in scenario Ais 200
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Do not forget copper or silver

 At40 MHz, 300 K, copper 20r
skin depth is 10 ym 1ok

 At40 MHz and low T, with osh
RRR = 1000, itis 0.3 ym

« So make the L and C from

a tape, with thickness 0.5
um and width 2 mm. o9r

« R=0.006Q o2}

° QL = 70,000 005r
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Summary and conclusions

 LC circuit can search for axions and axion-like particles ~ 100 neV.
» About 40 days live time to get these limits.
« Can extend to lower masses easily, by making C bigger.
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THE END

ADMX
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