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Why do we study DM ?

Galaxies collisions : Rotations curves :

CMB anisotropies :

.

CMB anisotropies show
that ΩDMh

2 ' 0.1188%

[M.Markevitch et al., 2006] [K.G. Begeman et al., 1991]

[Planck Collaboration, 2015]
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How to produce the good relic abundance of DM ?

The standard Freeze-Out mechanism
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Freezing-in the Dark Matter

The Freeze-In mechanism
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Freezing-in the Dark Matter

From freeze-out to freeze-in
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[Hall et al., 2009] [Chu et al., 2011] [Bernal et al., 2017]
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A simple model : millicharged DM

The kinetic mixing portal model

L = LSM − 1
4F
′µνF ′µν + χ̄

(
i/∂ −mχ

)
χ− ε

2F
µν
Y F ′µν

�
�
�

�
�
�	

New U(1)′ gauge
symmetry : dark

photon γ′

�
�
�
�
�
��

New fermion
charged under
the new U(1)′

?

U(1)′ − U(1)Y
kinetic mixing

term
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A simple model : millicharged DM

DM productions channels

f,W`

f̄ ,W´

DM

DM

γ, Z

DM

DM

Z+ ∼ ε
√

α′

α ≡ κ

DM annihilation channel
DM

DM

γ1

γ1

∼ α′

.
SM γ′

χ

κ α′

.
8
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How to constraint this model ?

Collider
q

q̄

DM

DM

|M|2 ∼ α2Q2
qκ

2 ⇒ Too small !

Indirect detection
DM

DM

f, W `

f̄ , W `

|M|2 ∼ α2Q2
qκ

2 ⇒ Too small !
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How to constraint this model ?

Direct detection with a light mediator
DM

N

DM

N

⇒ |M|2 ∼ 1
E2

R
α2Q2

qκ
2

Direct detection signal is boosted by 1/E2
R.

This boost can compete very small couplings
at low recoil energy !

∼ 1
t−m2

γ′
∼ 1

t ∼ 1
2mNER
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Direct detection limits

Constraints on the WIMP-nucleon elastic
cross section - current status :
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[Xenon Collaboration, 2018]

Valid only for a
constant cross

section !

We need to recast
the limits for a
FIMP-nucleon

elastic cross section !

Laurent Vanderheyden Producing DM from FI 20 May 2019 16 / 25



Direct detection limits

Constraints on the WIMP-nucleon elastic
cross section - current status :

101 102 103

WIMP mass [GeV/c2]

10−47

10−46

10−45

10−44

10−43

W
IM

P-
nu

cl
eo

n
σ S

I
[c

m
2 ]

LUX (2017)
PandaX-II (2017)

XENON1T (1 t×yr, this work)

101 102 103

WIMP mass [GeV/c2]

10−1

100

101

N
or

m
al

iz
ed

[Xenon Collaboration, 2018]

Valid only for a
constant cross

section !

We need to recast
the limits for a
FIMP-nucleon

elastic cross section !

Laurent Vanderheyden Producing DM from FI 20 May 2019 16 / 25



Recast

Measurable recoil energy differential rate

dR
dER

=
[
1
2ε(ER)NTmNF

2(qrA)
] [

1
µ2χp

σχp(ER)Z2
] [
nχ
∫

1
v2
fE(~v)d3v

]

�
�
�
�
�
��

Detector physics

ε : Detector
efficiency
NT : Number of
nucleus
mN : Nucleus mass
F : Form factor

�
�
�
�
�
��


Particle physics

µχp : Reduced mass
σχp : Elastic cross
section
Z : Nucleus proton
number

?

Astrophysics

nχ : Local DM
number density
v : DM velocity
fE : DM velocity
distribution in the
Earth frame
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Direct detection limits

Matching the rates

0 5 10 15 20 25 30
ER (keV)

10−3

10−2

10−1

100

101

dR
dER

WIMP Millicharged

WIMP :
(mχ, σSI) =

(
15 GeV, 10−46 cm2

)
Millicharged :

(mχ, κ) =
(
68 GeV, 3× 10−11

)
∆ ' 0.23

[T. Hambye, M.H.G. Tytgat, J. Vandecasteele and LV, 2018]

∆2 ≡ 1
R2

∫ (
dR
dER
− dR′

dER

)2
dER < (0.3)2
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Direct detection limits

Constraints on WIMP
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Constraints on Millicharged DM
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Freeze-in
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PANDAX II
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[T. Hambye, M.H.G. Tytgat, J. Vandecasteele and LV, 2018]

Direct detection is
already testing

Freeze-in !
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What if the dark photon has a mass ?

The kinetic mixing portal model : massive case

L = LSM − 1
4F
′µνF ′µν + χ̄

(
i/∂ −mχ

)
χ− ε

2F
µν
Y F ′µν + 1

2mγ′A
′µA′µ

⇒ LI = − e
swcw

JµZZµ − e′J
µ
χ

(
εswZµ − γ′µ

)
+ eJµEM

(
γµ − εcwγ′µ

)
[Babu, Kolda and March-Russel, 1997]

�
�
�

�
�=

�����������)

f, W `

f̄ , W ´

DM

DM
∼ κ

��
����

DM

DM

γ1

γ1

∼ α′

?
�
��	

f

γ

γ1

f

f

f̄

γ

γ1∼ ε
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What if the dark photon has a mass ?

New phenomenology !

.
SM γ′

χ

κ α′

.

Feebler couplings !

101 102 103

mχ (GeV)

10−12

10−11

10−10

κ
Freeze-in

XENON1T 2018

XENON1T 4yrs

PANDAX II

LZ 1000 days

[T. Hambye, M.H.G. Tytgat, J. Vandecasteele and LV, 2018]

New phenomenology !

.
SM γ′

χ

ε

κ α′

.

Feebler couplings !

101 102 103

mχ (GeV)

10−12

10−11

10−10

κ
Freeze-in

Sequential freeze-in

XENON1T 2018

XENON1T 4yrs

PANDAX II

LZ 1000 days

[T. Hambye, M.H.G. Tytgat, J. Vandecasteele and LV, 2019]

[Preliminary]?
?

?
?

?
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Conclusion

Based on :

• Freeze-in mechanism for DM production in the Early Universe,

• Direct detection of DM from the galactic halo,

• A new DM production mechanism from light mediators.

We have brought together those three corners of DM
phenomenology by considering a millicharged DM model. We have
shown that :

⇒ Following Xenon1T 2018 data, Freeze-in DM candidate are
being constrained for the first time,

⇒ In this picture, DM relic density can be achieve with feebler
connector between DM and SM.
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Thank you for your attention !

Laurent Vanderheyden Producing DM from FI 20 May 2019 25 / 25


	Introduction
	Freezing-in the Dark Matter
	A simple model: millicharged DM
	Direct detection limits
	What if the dark photon has a mass?
	Conclusion

