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Why do we study DM 7
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How to produce the good relic abundance of DM ?
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How to produce the good relic abundance of DM ?
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How to produce the good relic abundance of DM ?
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How to produce the good relic abundance of DM ?

107!

1073

10—5_

h<
|
» |3

10771

1079_

101 g g T T T T T
10721071 10° 10' 10* 10° 10* 10°

z=mDM/T

Laurent Vanderheyden Producing DM from FI 20 May 2019 5/25



Summary
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Freezing-in the Dark Matter
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Freezing-in the Dark Matter
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Freezing-in the Dark Matter
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Freezing-in the Dark Matter

10—10 i

10—12 i

10 g g T T T T T
10721071 10° 10' 10* 10° 10* 10°

z=mDM/T

Laurent Vanderheyden Producing DM from FI 20 May 2019 8/25



Freezing-in the Dark Matter
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[Hall et al., 2009] [Chu et al., 2011] [Bernal et al., 2017]
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Summary

e A simple model : millicharged DM
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A simple model : millicharged DM

L =Ly — 1F¥F), + x (i@ — my) x — SFL'F,
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A simple model : millicharged DM

L=_Lgy— iF”“’Fl’w +x (i — my) x — §F'F,,
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New U(1)" gauge
symmetry : dark
photon ~/
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A simple model : millicharged DM
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A simple model : millicharged DM

L=_Lgy— }IF’WF[“, +x (i — my) x — §F'F,,
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New U(1)" gauge New fermion Uy -uQ)y
symmetry : dark charged under kinetic mixing
photon ~/ the new U (1) term
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A simple model : millicharged DM

FALSS DM DM

+
N
2
™
°R
Il
x

£ DM DM

DM, 9
I ~ OU
DM 9

Laurent Vanderheyden Producing DM from FI 20 May 2019 12 /25



A simple model : millicharged DM

FALSS DM DM

£ DM DM

DM 9

Laurent Vanderheyden Producing DM from FI 20 May 2019 12 /25



How to constraint this model ?
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How to constraint this model ?

t—m’zyl ~ ? ~ 2mNER

= |MP? ~ ZraQ2n?

Direct detection signal is boosted by 1/FE%.
This boost can compete very small couplings
at low recoil energy !
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Direct detection limits
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Direct detection limits
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Recast
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Recast

= Be(BRINrmyF2(ara)] | -0w(BR) 2 [y [ F:15(0)d]

/

€ : Detector
efficiency

N7 : Number of
nucleus

my : Nucleus mass
F' : Form factor
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Recast

= Be(BRINrmyF2(ara)] | -ow(BR) 2 [y [ F5£5(0)d]

/ /

€ : Detector Hyp - Reduced mass
efficiency oyp : Elastic cross
N7 : Number of section

nucleus Z : Nucleus proton
my : Nucleus mass number

F' : Form factor
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Recast

/

€ : Detector
efficiency

N7 : Number of
nucleus

my : Nucleus mass
F' : Form factor

Laurent Vanderheyden

Hyp - Reduced mass
oyp : Elastic cross
section

Z : Nucleus proton
number

ny : Local DM
number density

v : DM velocity
fE : DM velocity
distribution in the
Earth frame
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Direct detection limits
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Direct detection limits
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Direct detection limits
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Direct detection is
already testing
Freeze-in !

PANDAX II
LZ 1000 days
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@ What if the dark photon has a mass ?
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What if the dark photon has a mass?

L=_Lsy — F"™F,, +x (i —my) x — §FYF,, + imyAMA),

[Babu, Kolda and March-Russel, 1997]

= L= J5Z, — e J{ (eswZy — ’Y;IL) +eJby (v — CCw’Y,IL)

chw
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What if the dark photon has a mass?

L=_Lsy — F"™F,, +x (i —my) x — §FYF,, + imyAMA),

[Babu, Kolda and March-Russel, 1997]

= L;= Swa J’uZ —e€ JX (ESwZ,u — ’)’IIL) + ngM (7# - ec’w’ﬁl/,)
fwt DM
f,W>A:N/:<DM
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What if the dark photon has a mass?

L=_Lsy — F"™F,, +x (i —my) x — §FYF,, + imyAMA),

[Babu, Kolda and March-Russel, 1997]
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What if the dark photon has a mass?

L=Lsn — ;{F'MVF;V + X (id — my) x — SFRSUF, + %mwlA’ﬂA;

[Babu, Kolda and March-Russel, 1997]
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What if the dark photon has a mass?

= XENONIT 2018 ==+ PANDAX II
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What if the dark photon has a mass?

= XENONIT 2018 ==+ PANDAX II
\ ==+ XENONIT 4yrs == LZ 1000 days

o= ¥ [Preliminary]
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Conclusion

Based on :
e Freeze-in mechanism for DM production in the Early Universe,
e Direct detection of DM from the galactic halo,

e 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 XenonlT 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 !
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