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Dark matter detection

Haloscopes need to be
TUNABLE cavities
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Experimental requirements
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e Multi Tesla Magnetic Field (only for Axion)

¢ High Q factor and tunable cavities

¢ Cryogenic temperature — Reduce thermal noise
® [ ow noise amplification
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Tunable cavity measurements in dilution refrigerator

Tunability
e in DR (mK): > 250 MHz
* inLHe (2 K): ~ 3GHz

Credit: R. Cervantes ¥

Credit:SQMS
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Cavity Characterization - Decay measurement

— data
— fit
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Noise sources

The external
environment including
the cryogenic system
can excite mechanical
modes that disturb the
resonance

e O

Self Excited Loop, SEL
signal read by a Signal
Analyzer, SA or a Phase
Network Analyzer, PNA
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The amplifier chain
noise is parametrized as
thermal noise
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Heterodyne Detection

The axion field induces transitions

between two well spatially separated

but quasi-degenerate cavity modes: Tunable cavity to search a mass range:
® TMy2p — pump mode: wy 100kHz < my < 1MHz

® TEp11 — signal mode: wgjg

Wsig = wo £ Ma

Mo, f=1411.2 MHz TEqys, £=1410.2 MHz

Credits: B. Giaccone et al €]
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SNR
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. [3] Credits: A. Berlin et al!%)
noise
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Next steps
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finalize the DA of the data collected with SERAPH cavity in DR

collection of data from a Signal Analyzer to simulate the background thermal
noise expected during a DM axion search with SHADE experiment

understanding and analysis of main noise sources and their impact on the
expected data

development of code to extract a DM limit
SNR(9zy) < 1

SNR « g5,
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QCD Axion

Dark matter candidate Solves the strong CP problem

\ e QCD vacuum parametrized
by 6 field

e Peccei-Quinn Symmetry,
global axial U(1;I ’ " D

e Nambu-Goldstone Boson
arising from spontaneous classical picture of
symmetry breaking of PQ the neutron
field
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Axion detection

Inverse Primakoff Effect: multiTesla magnetic field

Y Y
Y
B,

ﬁaww = gawaé‘ é

o (1x10%ev°
o Ma Layy = GayraE - By

pev < my < meV — 74, > age of U Tany o BE
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Dark Matter Dark Photon

ark
N==photon Haloscopes
DM

superadiance
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Dark photon mass [eV]

Credit: O'Hare 17}

(DMDP)

Massive vector boson that interacts through
kinetic mixing y, with the SM photon
® Ps = nx*Mpppom Veffﬁ%L(ﬁ fo, Qu)min(Qr, Qowm)
2
o &~ QuQon ((B5przoslat)

No need for magnetic field
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High Q SRF

high Q means higher then Q, ~ 108
Copper cavities: Q < 10° limited by anomalous skin effect
SC cavities: ultra high Q > 10'° (no external magnetic field)

Trying to detect < 1 x 1072* W signal over a wide
range of frequency

Fermilab and other labs have demonstrated the
advantage of high Q SRF cavities for DM
detection:

100 0 00 e e e e A8 4

g [eV]

¢ higher power signal >

e faster scan rates possibly by 10° (DMDP)

SQMS J
e higher SNR ratios, thus deeper exclusion o e ——
limits Credit: Cervantes et.al. [°]

Credit: O'Harel - »
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Quality factor!®!

Characterizes the wall power losses of a cavity and in particular it's related to the
power decay time

Joule heating
dP, 1 where

—% = _Rg|H[? : :
ds 2 U= @/ H2dv = 10/ EPdv
2 Jv 2 Jv

Then if one defines the unloaded

quality factor . woo Jy [H[Pdv
on G fS |H‘2ds
Qo = P, = ﬁs (1)

X wo a
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