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Possible Candidates

Heavy Particles Light Fields

 Number density is small * Number density is huge
(small occupation) (must be bosons)

* Tiny wavelength * Long wavelength

* No detector-scale coherence e Coherent within detector

Acoherence = 100km x (107%eV /m)

Look for classical, oscillating
background field

* Look for scattering of individual
particles

J
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g
N
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Possible Candidates

Axions

e Spin-0 pseudoscalars

e Possible solution to strong-CP

Hidden Photons

* Massive spin-1 vector
bosons

problem * Production via misalignment
mechanism, inflationary
* Many other axion-like particles fluctuations
(ALPs)
* Interacts with photons
e Detection via inverse Primakoff through kinetic mixing

effect, requires DC B-field

axion Yayy photon

v /

dc magnetic
field

Both candidates appear as an y
additional source term in JDMAu
Maxwell’s equations
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Axions - plenty of room at the bottom!
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Hidden Photons - plenty of room at the bottom!
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Hidden Photon Detection

9.5 inches

Hollow, superconducting sheath

Cross-section (like a long, hollow donut)

7.5 inches

A. Phipps | DM Radio | UCLA Dark Matter 2018 6



Hidden Photon Detection

 Hidden photons penetrate
superconductors, acts as an
effective AC current

Jup (1)

A. Phipps | DM Radio | UCLA Dark Matter 2018 7



Hidden Photon Detection

- ‘
A lANA

f
L

Bup(t) = |Bup(t)]
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A

¢

Hidden photons penetrate
superconductors, acts as an
effective AC current

Generates a REAL
circumferential, quasi-static
B-field



Hidden Photon Detection

superconductors, acts as an

S = Tl  Hidden photons penetrate
effective AC current

ﬂ * Generates a REAL

L — L circumferential, quasi-static
A4 q Vv B-field
U 4L * Screening currents in

e (1 (— superconductor flow to

cancel field in bulk

Meissner Effect
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Hidden Photon Detection

e Cut concentric slit at bottom
of sheath

A. Phipps | DM Radio | UCLA Dark Matter 2018



Hidden Photon Detection
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e Cut concentric slit at bottom

of sheath

* Screening currents continue

to flow along outer surface




Hidden Photon Detection

XL >HH<>HH<>H H; Ffﬂ < A ¢ Cut concentric slit at bottom
: E ﬁ> Tl i of sheath
A ﬁ ﬁ \L4 Uﬁ ﬂ A * Screening currents continue

to flow along outer surface

PAN [ VAN
R | L« Addaninductive loop to

A AN .
I l ﬂ L] siphon some of the
screening current
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Hidden Photon Detection

XL >HH<>HH<>H H; Ffﬂ < A ¢ Cut concentric slit at bottom
: E ﬁ> Tl i of sheath
A ﬁ ﬁ \L4 Uﬁ ﬂ A * Screening currents continue

to flow along outer surface

PAN [ VAN
R | L« Addaninductive loop to

A AN .
I l ﬂ L] siphon some of the
screening current

Sense with SQUID
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Axion Detection

Top-Down Cross-section

Toroidal coil produces DC
BO magnetic field inside
superconducting sheath
@ * Axions interact with DC field, acts
as an effective AC current along
Ja (t) direction of applied field

i

- . Lo
< s Ja:‘Ja|§b
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Axion Detection

Toroidal coil produces DC
magnetic field inside
superconducting sheath

* Axions interact with DC field, acts
as an effective AC current along
direction of applied field

* Produces REAL quasi-static AC
magnetic field

A. Phipps | DM Radio | UCLA Dark Matter 2018




Axion Detection

* Screening currents in

superconductor flow to cancel
field in bulk

Meissner Effect

A. Phipps | DM Radio | UCLA Dark Matter 2018



Axion Detection

* Screening currents in
superconductor flow to cancel
field in bulk

@ * Cut aslit from top to bottom of
the superconducting sheath

A. Phipps | DM Radio | UCLA Dark Matter 2018



Axion Detection

* Screening currents continue
along outer surface

* Use inductive loop to siphon
some of the screening
current

e Readout with SQUID

A. Phipps | DM Radio | UCLA Dark Matter 2018




Broadband Detectors

Hidden Photon Detector

="

XX

Axion Detector

)

N

Qg@

Similar to
ABRACADABRA

Y. Kahn et al.
arXiv:1602.01086

A. Phipps | DM Radio | UCLA Dark Matter 2018

Can operate broadband - no
need to scan over frequency

Weak signal

Long integration times (™1 year)




Resonant Enhancement

Toroidal inductor Tuneable capacitor

wrapped around  Coherent fields can be
sheath | enhanced through the use of a
resonator

 Add atunable lumped-element
resonator to ring up the

/kw\ magnetic fields sourced by local
| [ | dark matter
\égg//
* Tune dark matter radio over
@‘ frequency span to hunt for
signal

LC Oscillator Hidden Photon Configuration

A. Phipps | DM Radio | UCLA Dark Matter 2018



Resonant Enhancement

Solenoid inductor placed Tuneable capacitor
in sheath ter hol :
1 SneaTh CEntEr e’ * Coherent fields can be
><\ I enhanced through the use of a
] resonator
N

 Add atunable lumped-element
resonator to ring up the
magnetic fields sourced by local

i\i&%‘v/ dark matter
‘ e Tune dark matter radio over
@( frequency span to hunt for
signal

LC Oscillator Axion Configuration
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Resonant Enhancement

Equivalent Circuit Model

Looking for excess power
above thermal noise

®
R |74 )
cL | % sheath % +
Linput - To maximize signal...

Axion/hidden photon * Large volume

source

loss mechanisms SQUID+2"d Stage Amp

Thermal Noise/
/ Resonator Line Shape e Minimize R (SEtS Q)

e Decrease tem pe rature
Out-of-Band

Sensitivity
sQuID * Minimize SQUID noise
Noise Floor . .
* Determines scan depth/time

i

Resonator Bandwidth
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DM Radio Pathfinder

4K Dip Probe

Nb Shield \

Cryoperm-lined
LHe dewar

A. Phipps | DM Radio | UCLA Dark Matter 2018

750 mL Pathfinder funded through SLAC LDRD

* Focus on hidden photons
 T=4K (Helium Dip Probe)
* Frequency/Mass Range:
100 kHz —10 MHz / 500 peV - 50 neV

e 2-3 month scan time

Science scans begin this year!

Nb Slitted Sheath

Moveable
Sapphire dielectrics

Nb Hex Capacitor



DM Radio Fixed Resonator

Resonator
e 40-turn NbTi coil (~53 uH)
* 2 nF sapphire capacitor
 Resonance at ~500 kHz
100 mL detection volume

Pickup Transformer
e Equivalent to “slitted sheath”
e Single-turn coil (~750 nH)
* Connected to SQUID input coil

direct . .
injection Calibration

T ductive * Single-turn injection coil (~750 nH)
| ucav
injection Rr Rn  Direct current injection into

transformer coil
Linj § <« Lr— g Lt Lin
\Vi \Vi

Mir Cr Mrt -
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DM Radio Fixed Resonator

1o f0=498.77 kHz, Q=2803

10

Noise PSD (uPhi0%/Hz)
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Resonance at 498.77 kHz!

Q=2800
* Limited by Al wirebonds
* Now testing SQUIDs with
Nb wirebonds

Confirmed with injection coil
and direct injection

 Pump+watch ringdown

Data analysis in progress!
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Hidden Photon Sensitivity

kHz MHz GHz THz
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Axion Sensitivity

kHz MHz GHz THz
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Program Status

Detector Detector | Target Candidates | Operating | Frequency/Mass

Volume
Fixed 100 mL  Hidden photons 4.2 K 500 kHz Analysis/Hi-Q
Resonator 1 neV Upgrade
Pathfinder 750 mL  Hidden photons 4.2 K 100 kHz - 10 MHz Science scans

500 peV - 50 neV begin 2018

Stage 2 30 L Hidden photons 10 mK 10 kHz - 10 MHz  Dil. fridge
and axions 50 peV -50neV  ordered
Stage 3 1m?3 Hidden photons 10 mK 100 Hz - 100 MHz Planning
and axions 0.5 peV - 0.5 peV
With a dilution refrigerator...
* Use aluminum instead of Nb &\ HEISING-SIMONS
* Add magnetic field for axions ~ FOUNDATION

* Quantum-limited amplifiers

A. Phipps | DM Radio | UCLA Dark Matter 2018




Conclusions

ARK MAITER RADI | DM Radio:
KHz GHz  THz freq A Superconducting Lumped-Element
||||||||||||||||||]||||||||||||||I||||||I|||||||||||||||||||||| D
peV neV HeV  meV mass ark Matter DeteCtOF
7 R For Axions and Hidden Photons Lad | A.’:
D M
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Sensitivity Scaling

Full details: See Chaudhuri et al., “Radio for hidden-photon dark matter detection”
Phys. Rev. D 92, 075012 (2015)

Search sensitivity determined by signal vs noise power within resonator bandwidth

Ppwm 2 2
Set =1 andsolve for €, Ja~~ ( Ppn ox €7, Gar~)
Pnoise
Hidden Photons Axions
Temperature (Same as hidden photons, but with B-field dependence)
~N
1 1
1> Tz 1
“min & Vet i( Q )i gaw’minocvét l( Q )lB
1 6 [; 4 4
. int QD int * Qo 0
Volume \
(lumped-element) /
Measurement time R(ZZS;tgrvﬂ?aa}:lztgdfaDc;/%r - Applied DC magnetic field
(after waiting DM coherence time) (higher field, higher axion conversion rate)

QoM ~ 10°
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