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The basic ingredient is the nuclear recoil rate
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DM flux (has an annual modulation due
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:  minimum DM speed to kick the nucleus hard enough
(fixed by kinematics)
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Dark Matter with electromagnetic interactions
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Dark Matter with electric dipole moment
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Dark Matter with electric dipole moment



HM = �~µ · ~B

d�M
T

dER
⇠

✓
1

ER
� #

v2

◆
µ2Z2F 2

C(ER) +
@

v2
µ2µ2

TF
2
M(ER)

LM =
µ

2
�̄�µ⌫�F µ⌫

ar
X
iv
:1
51
2.
03
96
1

Dark Matter with magnetic dipole moment
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Dark Matter with magnetic dipole moment
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Dark Matter with magnetic/anapole moment

d�T

dER
= gT (ER)h(~v)

dRT

dER
=

⇠T
mT

⇢

mDM
gT (ER) ⌘(vmin)

⌘(vmin) ⌘
Z

v>vmin

d3v f(~v, t) v h(~v)

For then

with



100 120 140 160 180 200

0.0002

0.0004

0.0006

0.0008

0.0010

0.0012

0.0014

d HkeVL

1êm
M
HGe

V
L

Magnetic IDM with QNaI = 0.04

176 178 180 182 184 186 188 190

0.0008

0.0010

0.0012

0.0014

0 20 40 60 80 100 120
0.0001

0.0002

0.0003

0.0004

0.0005

0.0006

0.0007

d HkeVL

1êm
M
HGe

V
L

Magnetic IDM with QNaI = 0.09

100 105 110 115 120 125
0.0001

0.0002

0.0003

0.0004

0.0005

0.0006

0.0007

arXiv:1409.0536

mDM = 58.0 GeVmDM = 122.7 GeV

Inelastic magnetic dipole Dark Matter



Germanium
Xenon
Sodium
Iodine
Fluorine

m = 100 GeV
m = 1 TeV

0 100 200 300 400

Jan. 1st

Feb. 1st

Mar. 1st

Apr. 1st

May 1st

June 1st

Nov. 1st

Dec. 1st

vmin [km/s]

t m
ax

PICO (F)

LUX
DAMA (Na)

DAMA (I)
SuperCDMS

η

η
~

0 100 200 300 400

0

15

30

45

-15

-30

-45

vmin [km/s]

τ m
in
-
τ� m

in
[d
ay
s]

η

η
~

Jan. 1st
Feb. 1st
Mar. 1st
Apr. 1st
May 1st
June 1st

Dec. 1st

τ m
ax

Annual modulation of magnetic dipole Dark Matter

ar
X
iv
:1
50
4.
06
77
2

d�M
T

dER
⇠

✓
1

ER
� #

v2

◆
µ2Z2F 2

C(ER) +
@

v2
µ2µ2

TF
2
M(ER)

η

η
~

0 100 200 300 400

0

15

30

45

-15

-30

-45

vmin [km/s]

τ m
in
-
τ� m

in
[d
ay
s]

η

η
~

Jan. 1st
Feb. 1st
Mar. 1st
Apr. 1st
May 1st
June 1st

Dec. 1st

τ m
ax

η

η
~

0 100 200 300 400

0

15

30

45

-15

-30

-45

vmin [km/s]

τ m
in
-
τ� m

in
[d
ay
s]

η

η
~

Jan. 1st
Feb. 1st
Mar. 1st
Apr. 1st
May 1st
June 1st

Dec. 1st

τ m
ax



Millicharged Dark Matter

arXiv:1602.04009
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Digression #1: light mediator
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Digression #1: light mediator
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Digression #2: millicharged Minimal Dark Matter

arXiv:1512.05353



excluded by HESS g-line searches at 95% CL
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I like Dark Matter with electromagnetic interactions

Conclusions


