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<latexit sha1_base64="KZwuULFq4Cy9NOCXENlvsSzFKH8="></latexit><latexit sha1_base64="KZwuULFq4Cy9NOCXENlvsSzFKH8="></latexit><latexit sha1_base64="KZwuULFq4Cy9NOCXENlvsSzFKH8="></latexit><latexit sha1_base64="KZwuULFq4Cy9NOCXENlvsSzFKH8="></latexit>



! = " e!/e
<latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit>

.
! " !

SM

e!

# $e!

.

FREEZE-OUT INTO DARK PHOTONS

Chu,  Hambye, M.T. Ô12

m! ! ! 0
<latexit sha1_base64="TaZb2oi/kcmJ3LT8j39zE8p2SEk="></latexit><latexit sha1_base64="TaZb2oi/kcmJ3LT8j39zE8p2SEk="></latexit><latexit sha1_base64="TaZb2oi/kcmJ3LT8j39zE8p2SEk="></latexit><latexit sha1_base64="TaZb2oi/kcmJ3LT8j39zE8p2SEk="></latexit>

T
<latexit sha1_base64="8E98ekIagcHhZ2T4U2DKUXccTsA="></latexit><latexit sha1_base64="8E98ekIagcHhZ2T4U2DKUXccTsA="></latexit><latexit sha1_base64="8E98ekIagcHhZ2T4U2DKUXccTsA="></latexit><latexit sha1_base64="8E98ekIagcHhZ2T4U2DKUXccTsA="></latexit>

T ! = T
<latexit sha1_base64="x3fYO7zq7MAXcAUSq6c8mhCXHZY="></latexit><latexit sha1_base64="x3fYO7zq7MAXcAUSq6c8mhCXHZY="></latexit><latexit sha1_base64="x3fYO7zq7MAXcAUSq6c8mhCXHZY="></latexit><latexit sha1_base64="x3fYO7zq7MAXcAUSq6c8mhCXHZY="></latexit>

T ! ! = T
<latexit sha1_base64="KZwuULFq4Cy9NOCXENlvsSzFKH8="></latexit><latexit sha1_base64="KZwuULFq4Cy9NOCXENlvsSzFKH8="></latexit><latexit sha1_base64="KZwuULFq4Cy9NOCXENlvsSzFKH8="></latexit><latexit sha1_base64="KZwuULFq4Cy9NOCXENlvsSzFKH8="></latexit>



I : freeze-in IV : standard 
freeze-out

III : freeze-out 
in hidden 

sector

II : reannihilation

Chu,  Hambye, M.T. Ô12

FREEZE-OUT INTO DARK PHOTONS
m! ! ! 0

<latexit sha1_base64="TaZb2oi/kcmJ3LT8j39zE8p2SEk="></latexit><latexit sha1_base64="TaZb2oi/kcmJ3LT8j39zE8p2SEk="></latexit><latexit sha1_base64="TaZb2oi/kcmJ3LT8j39zE8p2SEk="></latexit><latexit sha1_base64="TaZb2oi/kcmJ3LT8j39zE8p2SEk="></latexit>

! = " e!/e
<latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit>

OLD



I : freeze-in IV : standard 
freeze-out

III : freeze-out 
in hidden 

sector

II : reannihilation

Chu,  Hambye, M.T. Ô12

FREEZE-IN
m! ! ! 0

<latexit sha1_base64="TaZb2oi/kcmJ3LT8j39zE8p2SEk="></latexit><latexit sha1_base64="TaZb2oi/kcmJ3LT8j39zE8p2SEk="></latexit><latexit sha1_base64="TaZb2oi/kcmJ3LT8j39zE8p2SEk="></latexit><latexit sha1_base64="TaZb2oi/kcmJ3LT8j39zE8p2SEk="></latexit>

! = " e!/e
<latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit>

OLD



! = " e!/e
<latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit>

.
! " !

SM

e!

# $e!

.

FREEZE-IN

Chu,  Hambye, M.T. Ô12

m! ! ! 0
<latexit sha1_base64="TaZb2oi/kcmJ3LT8j39zE8p2SEk="></latexit><latexit sha1_base64="TaZb2oi/kcmJ3LT8j39zE8p2SEk="></latexit><latexit sha1_base64="TaZb2oi/kcmJ3LT8j39zE8p2SEk="></latexit><latexit sha1_base64="TaZb2oi/kcmJ3LT8j39zE8p2SEk="></latexit>

T
<latexit sha1_base64="8E98ekIagcHhZ2T4U2DKUXccTsA="></latexit><latexit sha1_base64="8E98ekIagcHhZ2T4U2DKUXccTsA="></latexit><latexit sha1_base64="8E98ekIagcHhZ2T4U2DKUXccTsA="></latexit><latexit sha1_base64="8E98ekIagcHhZ2T4U2DKUXccTsA="></latexit>

T ! ! 0
<latexit sha1_base64="VQ2Y4LGjp3mPCzfuUq83r1b53ZM="></latexit><latexit sha1_base64="VQ2Y4LGjp3mPCzfuUq83r1b53ZM="></latexit><latexit sha1_base64="VQ2Y4LGjp3mPCzfuUq83r1b53ZM="></latexit><latexit sha1_base64="VQ2Y4LGjp3mPCzfuUq83r1b53ZM="></latexit>

INFLATON



I : freeze-in IV : standard 
freeze-out

III : freeze-out 
in hidden 

sector

II : reannihilation

Chu,  Hambye, M.T. Ô12

FREEZE-IN
m! ! ! 0

<latexit sha1_base64="TaZb2oi/kcmJ3LT8j39zE8p2SEk="></latexit><latexit sha1_base64="TaZb2oi/kcmJ3LT8j39zE8p2SEk="></latexit><latexit sha1_base64="TaZb2oi/kcmJ3LT8j39zE8p2SEk="></latexit><latexit sha1_base64="TaZb2oi/kcmJ3LT8j39zE8p2SEk="></latexit>

! = " e!/e
<latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit>

OLD



FREEZE-IN REVISITED

Hambye, M.T., Vandecasteele, Vanderheyden Õ19

m! ! != 0
<latexit sha1_base64="2cQF67zzuPJPnqUoO0l1KpeV0Lw="></latexit><latexit sha1_base64="2cQF67zzuPJPnqUoO0l1KpeV0Lw="></latexit><latexit sha1_base64="2cQF67zzuPJPnqUoO0l1KpeV0Lw="></latexit><latexit sha1_base64="2cQF67zzuPJPnqUoO0l1KpeV0Lw="></latexit>

NEW

! = " e!/e
<latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit>



FREEZE-IN REVISITED

.
! " !

SM

e!

# $e!

.

! = " e!/e
<latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit>

m! ! != 0
<latexit sha1_base64="2cQF67zzuPJPnqUoO0l1KpeV0Lw="></latexit><latexit sha1_base64="2cQF67zzuPJPnqUoO0l1KpeV0Lw="></latexit><latexit sha1_base64="2cQF67zzuPJPnqUoO0l1KpeV0Lw="></latexit><latexit sha1_base64="2cQF67zzuPJPnqUoO0l1KpeV0Lw="></latexit>

T ! ! 0
<latexit sha1_base64="VQ2Y4LGjp3mPCzfuUq83r1b53ZM="></latexit><latexit sha1_base64="VQ2Y4LGjp3mPCzfuUq83r1b53ZM="></latexit><latexit sha1_base64="VQ2Y4LGjp3mPCzfuUq83r1b53ZM="></latexit><latexit sha1_base64="VQ2Y4LGjp3mPCzfuUq83r1b53ZM="></latexit>

T
<latexit sha1_base64="8E98ekIagcHhZ2T4U2DKUXccTsA="></latexit><latexit sha1_base64="8E98ekIagcHhZ2T4U2DKUXccTsA="></latexit><latexit sha1_base64="8E98ekIagcHhZ2T4U2DKUXccTsA="></latexit><latexit sha1_base64="8E98ekIagcHhZ2T4U2DKUXccTsA="></latexit>



FREEZE-IN REVISITED

.
! " !

SM

e!

# $e!

.

T ! ! = T
<latexit sha1_base64="KZwuULFq4Cy9NOCXENlvsSzFKH8="></latexit><latexit sha1_base64="KZwuULFq4Cy9NOCXENlvsSzFKH8="></latexit><latexit sha1_base64="KZwuULFq4Cy9NOCXENlvsSzFKH8="></latexit><latexit sha1_base64="KZwuULFq4Cy9NOCXENlvsSzFKH8="></latexit>

T ! ! 0
<latexit sha1_base64="VQ2Y4LGjp3mPCzfuUq83r1b53ZM="></latexit><latexit sha1_base64="VQ2Y4LGjp3mPCzfuUq83r1b53ZM="></latexit><latexit sha1_base64="VQ2Y4LGjp3mPCzfuUq83r1b53ZM="></latexit><latexit sha1_base64="VQ2Y4LGjp3mPCzfuUq83r1b53ZM="></latexit>

! = " e!/e
<latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit>

m! ! != 0
<latexit sha1_base64="2cQF67zzuPJPnqUoO0l1KpeV0Lw="></latexit><latexit sha1_base64="2cQF67zzuPJPnqUoO0l1KpeV0Lw="></latexit><latexit sha1_base64="2cQF67zzuPJPnqUoO0l1KpeV0Lw="></latexit><latexit sha1_base64="2cQF67zzuPJPnqUoO0l1KpeV0Lw="></latexit>

T
<latexit sha1_base64="8E98ekIagcHhZ2T4U2DKUXccTsA="></latexit><latexit sha1_base64="8E98ekIagcHhZ2T4U2DKUXccTsA="></latexit><latexit sha1_base64="8E98ekIagcHhZ2T4U2DKUXccTsA="></latexit><latexit sha1_base64="8E98ekIagcHhZ2T4U2DKUXccTsA="></latexit>



FREEZE-IN FROM THERMAL DARK PHOTONS

T ! ! 0
<latexit sha1_base64="VQ2Y4LGjp3mPCzfuUq83r1b53ZM="></latexit><latexit sha1_base64="VQ2Y4LGjp3mPCzfuUq83r1b53ZM="></latexit><latexit sha1_base64="VQ2Y4LGjp3mPCzfuUq83r1b53ZM="></latexit><latexit sha1_base64="VQ2Y4LGjp3mPCzfuUq83r1b53ZM="></latexit>

! = " e!/e
<latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit>

.
! " !

SM

e!

# $e!

.

m! ! != 0
<latexit sha1_base64="2cQF67zzuPJPnqUoO0l1KpeV0Lw="></latexit><latexit sha1_base64="2cQF67zzuPJPnqUoO0l1KpeV0Lw="></latexit><latexit sha1_base64="2cQF67zzuPJPnqUoO0l1KpeV0Lw="></latexit><latexit sha1_base64="2cQF67zzuPJPnqUoO0l1KpeV0Lw="></latexit>

T ! ! = T
<latexit sha1_base64="KZwuULFq4Cy9NOCXENlvsSzFKH8="></latexit><latexit sha1_base64="KZwuULFq4Cy9NOCXENlvsSzFKH8="></latexit><latexit sha1_base64="KZwuULFq4Cy9NOCXENlvsSzFKH8="></latexit><latexit sha1_base64="KZwuULFq4Cy9NOCXENlvsSzFKH8="></latexit>



FREEZE-IN Ia & Ib

.
! " !

SM

e!

# $e!

.

Type Ia

.
! " !

SM

e!

# $e!

.

Type Ib

.

! !

"

! !

"

ø"
.

T ! ! = T
<latexit sha1_base64="KZwuULFq4Cy9NOCXENlvsSzFKH8="></latexit><latexit sha1_base64="KZwuULFq4Cy9NOCXENlvsSzFKH8="></latexit><latexit sha1_base64="KZwuULFq4Cy9NOCXENlvsSzFKH8="></latexit><latexit sha1_base64="KZwuULFq4Cy9NOCXENlvsSzFKH8="></latexit>

m! ! != 0
<latexit sha1_base64="2cQF67zzuPJPnqUoO0l1KpeV0Lw="></latexit><latexit sha1_base64="2cQF67zzuPJPnqUoO0l1KpeV0Lw="></latexit><latexit sha1_base64="2cQF67zzuPJPnqUoO0l1KpeV0Lw="></latexit><latexit sha1_base64="2cQF67zzuPJPnqUoO0l1KpeV0Lw="></latexit>



FREEZE-IN Ia & Ib

Hambye, M.T., Vandecasteele, Vanderheyden Õ19! = " e!/e
<latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit>

m! ! != 0
<latexit sha1_base64="2cQF67zzuPJPnqUoO0l1KpeV0Lw="></latexit><latexit sha1_base64="2cQF67zzuPJPnqUoO0l1KpeV0Lw="></latexit><latexit sha1_base64="2cQF67zzuPJPnqUoO0l1KpeV0Lw="></latexit><latexit sha1_base64="2cQF67zzuPJPnqUoO0l1KpeV0Lw="></latexit>



SEQUENTIAL FREEZE-IN

.
! " !

SM

e!

# $e!

.

Type II

T ! ! ! 0
<latexit sha1_base64="qivpdDiL17mTdmwxqL7Mx+JjCEg="></latexit><latexit sha1_base64="qivpdDiL17mTdmwxqL7Mx+JjCEg="></latexit><latexit sha1_base64="qivpdDiL17mTdmwxqL7Mx+JjCEg="></latexit><latexit sha1_base64="qivpdDiL17mTdmwxqL7Mx+JjCEg="></latexit>

T ! ! 0
<latexit sha1_base64="VQ2Y4LGjp3mPCzfuUq83r1b53ZM="></latexit><latexit sha1_base64="VQ2Y4LGjp3mPCzfuUq83r1b53ZM="></latexit><latexit sha1_base64="VQ2Y4LGjp3mPCzfuUq83r1b53ZM="></latexit><latexit sha1_base64="VQ2Y4LGjp3mPCzfuUq83r1b53ZM="></latexit>

m! ! != 0
<latexit sha1_base64="2cQF67zzuPJPnqUoO0l1KpeV0Lw="></latexit><latexit sha1_base64="2cQF67zzuPJPnqUoO0l1KpeV0Lw="></latexit><latexit sha1_base64="2cQF67zzuPJPnqUoO0l1KpeV0Lw="></latexit><latexit sha1_base64="2cQF67zzuPJPnqUoO0l1KpeV0Lw="></latexit>

NEW REGIME!



SEQUENTIAL FREEZE-IN

Hambye, M.T., Vandecasteele, Vanderheyden Õ19! = " e!/e
<latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit>

NEW REGIME!



SEQUENTIAL FREEZE-IN

100 101 102 103 104

mDM (GeV)

10! 14

10! 13

10! 12

10! 11

10! 10

!

m" ! = 1 GeV m" ! = 10 GeV

Type Ia

Type II
Ty

pe
 Ib

Hambye, M.T., Vandecasteele, Vanderheyden Õ19

Ty
pe

 Ib

Type Ia

NEW REGIME!



REANNIHILATION, ETC.

.
! " !

SM

e!

# $e!

.

T! = T" ! ! T
<latexit sha1_base64="t04LP75tjS4qFbLlf4vuXlRnFLU="></latexit><latexit sha1_base64="t04LP75tjS4qFbLlf4vuXlRnFLU="></latexit><latexit sha1_base64="t04LP75tjS4qFbLlf4vuXlRnFLU="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="fiVwQpAvY4lVam28RAaVC4T6LY8="></latexit><latexit sha1_base64="RnorpgtaTiOAMN3pax4kfJruTlw="></latexit><latexit sha1_base64="hiUP/J8mWeJWWuhDOKHeU3TmsaA="></latexit><latexit sha1_base64="t04LP75tjS4qFbLlf4vuXlRnFLU="></latexit><latexit sha1_base64="t04LP75tjS4qFbLlf4vuXlRnFLU="></latexit><latexit sha1_base64="t04LP75tjS4qFbLlf4vuXlRnFLU="></latexit><latexit sha1_base64="t04LP75tjS4qFbLlf4vuXlRnFLU="></latexit><latexit sha1_base64="t04LP75tjS4qFbLlf4vuXlRnFLU="></latexit><latexit sha1_base64="t04LP75tjS4qFbLlf4vuXlRnFLU="></latexit>



Hambye, M.T., Vandecasteele, Vanderheyden Õ19! = " e!/e
<latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit>

REANNIHILATION, ETC.



Chu,  Hambye, M.T. Ô12

REANNIHILATION, ETC.



Hambye, M.T., Vandecasteele, Vanderheyden Õ19! = " e!/e
<latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit><latexit sha1_base64="TBz3MqlOyUpxKsD6mlLPcfvP7WQ="></latexit>

BACK TO FREEZE-OUT REGIMES



9 WAYS, 5 REGIMES TO PRODUCE DM

Hambye, M.T., Vandecasteele, Vanderheyden Õ19

freeze-in  (Ia & Ib)

sequential freeze-in  (II) 

reannihilation  (IIIa & IIIb) 
secluded freeze-out  (IVa & IVb) 

freeze-out (Va & Vb) 

Chu,  Hambye, M.T. Ô12



GENERALIZATIONS?

.
!

" !

h!

SM

e!

#
! e!

#

e!

e!
.



CONCLUSIONS

m! ! ! 0
<latexit sha1_base64="TaZb2oi/kcmJ3LT8j39zE8p2SEk="></latexit><latexit sha1_base64="TaZb2oi/kcmJ3LT8j39zE8p2SEk="></latexit><latexit sha1_base64="TaZb2oi/kcmJ3LT8j39zE8p2SEk="></latexit><latexit sha1_base64="TaZb2oi/kcmJ3LT8j39zE8p2SEk="></latexit>

m! ! != 0
<latexit sha1_base64="2cQF67zzuPJPnqUoO0l1KpeV0Lw="></latexit><latexit sha1_base64="2cQF67zzuPJPnqUoO0l1KpeV0Lw="></latexit><latexit sha1_base64="2cQF67zzuPJPnqUoO0l1KpeV0Lw="></latexit><latexit sha1_base64="2cQF67zzuPJPnqUoO0l1KpeV0Lw="></latexit>
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determines relic abundance 

very small cross section

s-channel
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PRODUCTION THROUGH FREEZE-IN



FREEZE-IN CANDIDATES

Chu, Hambye, M.T. Ô12
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recoil energy
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large enhancement if

in keV range

v ~!200 km/s (halo DM)

m�0 . 40 MeV
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DIRECT DETECTION (Rutherford scattering) 



Hambye, M.T., Vandecasteele, VanderheydenÕ18

n.b.: not the same spectrum 
as a WIMP, must recast 
direct detection constraints

101 102 103

m� (GeV)

10�11

10�10


Freeze-in

XENON1T 2018

DIRECT DETECTION TEST OF FI

Heeba, Kahlhoefer Õ19; Genevi•veÕs talk



Hambye, M.T., Vandecasteele, Vanderheyden Ô18

n.b.:  
Not the same spectrum as a 
WIMP, 
Must recasti  the direct 
detection constraints

First direct detection test of a FI scenarioÉ

DIRECT DETECTION TEST OF FI



core 
or

cusp?

missing
satellites ?

to-big-to-fail ?

CDM only simulation

SMALL SCALE ISSUES



Self-interaction may alleviate the small-scale problems of 
collisionless dark matter 

Spergel & Steinhardt (2000),É 

Vogelsberger, Zavala & Loeb (2012),É

collisions !  thermalized DM !  core instead of cusp

i.e. seemingly hadronic!
m

!
cm2

g
"

barn

GeV

core/cusp

too-big-to-fail

diversity Hamada, Kaplinghat, Pace & Yu (2016),É

but more generally light mediator

SELF-INTERACTING DM

See however Jo SilkÕs talk !!! 
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Hambye, M.T., Vandecasteele, Vanderheyden Ô18

FREEZE-IN CANDIDATES 
TESTED BY XENON1T

TEST OF SELF-INTERACTING FIMP
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no emission from SM fields 

DM millicharged 
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KINETIC MIXING BASES



DM couples to massive dark photon (also Z) 

SM emission of DP with coupling   
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VIRTUAL DARK PHOTON EXCHANGE
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VIRTUAL DARK PHOTON EXCHANGE



RADIATION OF DARK PHOTONS
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RADIATION OF DARK PHOTONS IN A MEDIUM
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DARK RADIATION PRODUCTION IS SUPPRESSED AT HIGH TEMPERATURES


