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Possible Candidates 
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•  Number	density	is	small									
(small	occupaPon)	

•  Tiny	wavelength	

•  No	detector-scale	coherence	

•  Look	for	sca5ering	of	individual	
parPcles	

Heavy	ParPcles	 Light	Fields	

•  Number	density	is	huge																	
(must	be	bosons)	

•  Long	wavelength	

•  Coherent	within	detector	

•  Look	for	classical,	oscillaPng	
background	field	

Detector	 Detector	

�
coherence

⇡ 100 km⇥ (10�8eV/m)
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Possible Candidates 
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•  Spin-0	pseudoscalars	

•  Possible	soluPon	to	strong-CP	
problem	

•  Many	other	axion-like	parPcles	
(ALPs)	

•  DetecPon	via	inverse	Primakoff	
effect,	requires	DC	B-field	

	

Axions	 Hidden	Photons	

•  Massive	spin-1	vector	
bosons	

•  ProducPon	via	misalignment	
mechanism,	inflaPonary	
fluctuaPons	

•  Interacts	with	photons	
through	kinePc	mixing	
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gaγγ	axion	

dc	magnePc		
field	

photon	

Both	candidates	appear	as	an	
addiConal	source	term	in	
Maxwell’s	equaCons	
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Axions – plenty of room at the bottom! 
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Wide	range	of	unexplored	
parameter	space!	
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Hidden Photons – plenty of room at the bottom! 
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Hidden Photon Detection 
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Cross-secPon	

SuperconducPng	shield	

Hollow,	superconducPng	sheath	
(like	a	long,	hollow	donut)	
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9.5	inches	
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Hidden Photon Detection 
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•  Hidden	photons	penetrate	
superconductors,	acts	as	an	
effecPve	AC	current	

~JHP(t)

7	



Hidden Photon Detection 
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•  Hidden	photons	penetrate	
superconductors,	acts	as	an	
effecPve	AC	current	

•  Generates	a	REAL	
circumferenPal,	quasi-staPc	
B-field	

~BHP(t) = | ~BHP(t)| �̂
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Hidden Photon Detection 
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•  Hidden	photons	penetrate	
superconductors,	acts	as	an	
effecPve	AC	current	

•  Generates	a	REAL	
circumferenPal,	quasi-staPc	
B-field	

•  Screening	currents	in	
superconductor	flow	to	
cancel	field	in	bulk	

Meissner	Effect	
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Hidden Photon Detection 
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•  Cut	concentric	slit	at	bo5om	
of	sheath	
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Hidden Photon Detection 
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•  Cut	concentric	slit	at	bo5om	
of	sheath	

•  Screening	currents	conPnue	
to	flow	along	outer	surface	

11	



Hidden Photon Detection 
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•  Cut	concentric	slit	at	bo5om	
of	sheath	

•  Screening	currents	conPnue	
to	flow	along	outer	surface	

•  Add	an	inducPve	loop	to	
siphon	some	of	the	
screening	current	
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Hidden Photon Detection 
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•  Cut	concentric	slit	at	bo5om	
of	sheath	

•  Screening	currents	conPnue	
to	flow	along	outer	surface	

•  Add	an	inducPve	loop	to	
siphon	some	of	the	
screening	current	

•  Sense	with	SQUID	
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Axion Detection 
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•  Toroidal	coil	produces	DC	
magnePc	field	inside	
superconducPng	sheath	

	
•  Axions	interact	with	DC	field,	acts	

as	an	effecPve	AC	current	along	
direcPon	of	applied	field	

~B0

~Ja(t)

(B0	toroid	inside	sheath)			

~Ja = | ~Ja| �̂

Top-Down	Cross-secPon	
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Axion Detection 
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•  Toroidal	coil	produces	DC	
magnePc	field	inside	
superconducPng	sheath	

•  Axions	interact	with	DC	field,	acts	
as	an	effecPve	AC	current	along	
direcPon	of	applied	field	

•  Produces	REAL	quasi-staPc	AC	
magnePc	field	~Ba(t)
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Axion Detection 
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•  Screening	currents	in	
superconductor	flow	to	cancel	
field	in	bulk	

Meissner	Effect	
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Axion Detection 
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•  Screening	currents	in	
superconductor	flow	to	cancel	
field	in	bulk	

•  Cut	a	slit	from	top	to	bo5om	of	
the	superconducPng	sheath	
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Axion Detection 
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•  Screening	currents	conPnue	
along	outer	surface	

	
•  Use	inducPve	loop	to	siphon	

some	of	the	screening	
current	

•  Readout	with	SQUID	
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Broadband Detectors 
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Hidden	Photon	Detector	

Axion	Detector	

•  Can	operate	broadband	–	no	
need	to	scan	over	frequency	

•  Weak	signal	
	
•  Long	integraPon	Pmes	(~1	year)	
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Similar	to	
ABRACADABRA	

Y.	Kahn	et	al.	

arXiv:1602.01086	



Resonant Enhancement 
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•  Coherent	fields	can	be	
enhanced	through	the	use	of	a	
resonator	

	
•  Add	a	tunable	lumped-element	

resonator	to	ring	up	the	
magnePc	fields	sourced	by	local	
dark	ma5er	

•  Tune	dark	ma5er	radio	over	
frequency	span	to	hunt	for	
signal		

20	

Tuneable	capacitor	Toroidal	inductor	
wrapped	around	
sheath		

LC	Oscillator	Hidden	Photon	ConfiguraPon	



Resonant Enhancement 
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•  Coherent	fields	can	be	
enhanced	through	the	use	of	a	
resonator	

	
•  Add	a	tunable	lumped-element	

resonator	to	ring	up	the	
magnePc	fields	sourced	by	local	
dark	ma5er	

•  Tune	dark	ma5er	radio	over	
frequency	span	to	hunt	for	
signal		

21	

LC	Oscillator	Axion	ConfiguraPon	

Tuneable	capacitor	Solenoid	inductor	placed	
in	sheath	center	hole		



Resonant Enhancement 
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Equivalent	Circuit	Model	

Axion/hidden	photon	
source	

loss	mechanisms	 SQUID+2nd	Stage	Amp	

22	

Resonator	Bandwidth	

Out-of-Band	
SensiPvity	

Thermal	Noise/	
Resonator	Line	Shape	

SQUID	
Noise	Floor	

To	maximize	signal…	
	
•  Large	volume	

	
•  Minimize	R	(sets	Q)	

•  Goal:	
		

•  Decrease	temperature		
	
•  Minimize	SQUID	noise	

•  Determines	scan	depth/Pme	

Q ⇠ QDM ⇠ 106
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DM Radio Pathfinder 
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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	
•  2-3	month	scan	Pme	

4K	Dip	Probe	

23	

Nb	Hex	Capacitor	

Nb	Sli5ed	Sheath	

Moveable	
Sapphire	dielectrics	

Cryoperm-lined	
	LHe	dewar	

Nb	Shield	 Science	scans	begin	this	year!	



DM Radio Fixed Resonator 
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Resonator	
•  40-turn	NbTi	coil	(~53	uH)	
•  2	nF	sapphire	capacitor	
•  Resonance	at	~500	kHz	
•  100	mL	detecPon	volume	
	

Pickup	Transformer	
•  Equivalent	to	“sli5ed	sheath”	
•  Single-turn	coil	(~750	nH)	
•  Connected	to	SQUID	input	coil	
	

CalibraCon	
•  Single-turn	injecPon	coil	(~750	nH)	
•  Direct	current	injecPon	into	

transformer	coil	
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DM Radio Fixed Resonator 
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•  Resonance	at	498.77	kHz!	
	
•  Q=2800	

•  Limited	by	Al	wirebonds	
•  Now	tesPng	SQUIDs	with	

Nb	wirebonds	

•  Confirmed	with	injecPon	coil	
and	direct	injecPon	
•  Pump+watch	ringdown	

•  Data	analysis	in	progress!	
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Hidden Photon Sensitivity 
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Axion Sensitivity 
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Detector	 Detector	
Volume	

Target	Candidates	 OperaCng	
Temp	

Frequency/Mass	
Range	

Status	

Fixed	
Resonator	

100	mL	 Hidden	photons	 4.2	K	 500	kHz	
1	neV	

Analysis/Hi-Q	
Upgrade	

Pathfinder	 750	mL	 Hidden	photons	 4.2	K	 100	kHz	–	10	MHz	
500	peV	–	50	neV	

Science	scans	
begin	2018	

Stage	2	 30	L	 Hidden	photons	
and	axions	

10	mK	 10	kHz	–	10	MHz	
50	peV	–	50	neV	

Dil.	fridge	
ordered	

Stage	3	 1	m3	 Hidden	photons	
and	axions	

10	mK	 100	Hz	–	100	MHz	
0.5	peV	–	0.5	μeV	

Planning	

With	a	diluPon	refrigerator…	
•  Use	aluminum	instead	of	Nb	
•  Add	magnePc	field	for	axions	
•  Quantum-limited	amplifiers 		
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Full	details:	See	Chaudhuri	et	al.,	“Radio	for	hidden-photon	dark	ma=er	detecCon”	
Phys.	Rev.	D	92,	075012	(2015)	

30	

Search	sensiPvity	determined	by	signal	vs	noise	power	within	resonator	bandwidth	
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