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DM effectively couples to  
electromagnetic fields at meter length-scales



Direct Detection at a keV-MeV

• new scattering targets 
• new read-out technologies 
• similar philosophy

arXiv:1707.04591
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LC Resonators

R

LPU

C

SQUID

LIn

= DM Radio, Auriga…

➤

➤

(q ⌧ 1) (m� . MeV)
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shielded detector
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LC Resonators

DM RadioAuriga

no need to scan or operate at kHz frequencies



Wind Blowing through Walls

(daily modulation)

�±

v�

2⇡v�/!
Edef e

i!t

j�

⇢�

deflector

j�

B�e
i!t

shielded detector

E�e
i!t

similar to light shining through wall



Noise/Systematics

• SQUID noise
imprecision, backaction

(sub-dominant,  
1411.7382 & 1803.01627)

• deflector noise
magnetic, electric

(sub-dominant)

handles: directional dependence, daily modulation

(long phase coherence) ⇠ QBsig Avis Ainv ! L (33)

amp. ⇠ hAinv,T|Avis,Ti2 ⇠ ✏2 m4
A0 L2/!2 (34)

✏µL ' kµ

mA0
+

mA0

2!
(�1, k̂) =) amp. ⇠ ✏2 m2

A0/!2 (35)

total penalty ⇠ v3� ⇠ 10�9 compensated by
QSRF

QLC
⇥ ESRF

Eem
⇠ 1012

108
⇥ 10 MV/cm

10 kV/cm
⇠ 107 (36)

Z
d3~v� f�(~v�)⇥ penalty(~v�) ⇠

(
few⇥ 10�2 for meter dimensions

few⇥ 10�1 for slightly taller deflector
(37)

�(ee ! ��) ⇠ ↵2
em q2 T , n� ⇠ ne(�/H) , ⇢DM ⇠ Teq T

3 =) q ⇠ 1

↵em

✓
me Teq

m� mpl

◆1/2

⇠ 10�11

✓
MeV

m�

◆1/2

(38)

T ⇠ me (39)

j(t, xrec) /
Z

d3~v� f�(~v�) A(~v�) cos
�
!(t��L/v�)

�
(40)

=

Z
d3~v� f�(~v�) A(~v�) cos!�L/v�

�
cos!t+

Z
d3~v� f�(~v�) A(~v�) sin!�L/v�

�
sin!t (41)

@tS +
|~rS � qe↵ e ~A|2

2m�
+ qe↵ e'� ~2

2m�

r2pn�p
n�

= 0 (42)

classical wave mechanics =) p� �
r

�p�
R

(43)

penetration depth . 50 nm , critical field ⇠ 0.1 T ⇠ 100 kV/cm (44)

2

(DM radio)

• thermal noise (dominant for                 ,  
1411.7382 & 1803.01627)

(q ⌧ 1) (m� . MeV)
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(30)
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!
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4
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µ
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Noise/Systematics

• SQUID noise
imprecision, backaction

(sub-dominant,  
1411.7382 & 1803.01627)

• deflector noise
magnetic, electric

(sub-dominant)
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(DM radio)

• thermal noise (dominant for                 ,  
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Departure from a Perfect Wind

(verified with MC)
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Q: is this interesting?
A: probably…
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Active Direct Detection

• induced daily  modulation 

• electromagnetic focusing/trapping of dark matter 

• optimal geometry for wind  

• spin-coupled forces, …
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