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The dark matter fairy tail

Classic thermal dark matter:
1 Chemical equilibrium with the SM
2 T À m (x ” m{T ):

n „ m3x´3{2e´x

3 n ‰ n̄ when
n̄ xσvy „ H
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Co-decay: requirements

Consider:
Degenerate dark sector: A, B with AAé BB
No annihilation to the SM
B Ñ γγ

Consequences, depends on ΓB{Hpmq (recall: t „ 1{H):
1 ΓB{Hpmq " 1:

B

γ

γ

` B

γ

γ

γγ é B keeps dark sector in equilibrium with SM

2 ΓB{Hpmq ! 1:
B decays out of equilibrium
Key parameter, κ ” ΓB{Hpmq
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Co-decay: new dynamics

Before freeze-out, Y „ e´ΓBt ” e´
1
2
κx2

AAé BB forces A to track B
Annihilations freeze-out when nA xσvyAAéBB À H

Numerical solution to the Boltzmann equation:
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Out of equilibrium

Drop position depends on κ

AAé BB

freeze-out
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Crude estimate of relic density

WIMP (n̄ xσvy „ H):

x´3{2e´x „
x

mMPl xσvy

Y8 „
1

mMPl xσvy

Co-decay:

e´
1
2
κx2 „

x

mMPl xσvy

e´x
1

„
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2{κx11{2

mMPl xσvy
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c

2

κ

1

mMPl xσvy
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8 „
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Temperature in decoupled sectors

No large 2 é 2 process between SM and dark sector
ñ TD ‰ T

Assume TD “ T at T ! m

At T „ m dark sector cools, TD „ T 2{m.
Number changing processes heat dark sector
Interesting cosmological signatures?
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Splitting

Assumed mA “ mB

What if there is a small splitting?

m m
RECALL: annihilations occur at T ! m!

1 mA ą mB

Op1q modifications to relic density
2 mA ă mB

AAé BB can’t proceed at low T
Need much larger cross-section
Large self-interactions!

mA

mB
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Parameter space

For what pm,ΓBq do we get co-decay?
Constraints:

1 Correct relic abundance with perturbative coupling
2 Out of equilibrium
3 Decay before BBN
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Signatures

Co-decay can be constrained by indirect detection
Detailed limits depend on decays of B
Easy to recast if B Ñ e`e´ :
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1309.4091 - Essig et al (recast of COMPTEL + FERMI)
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Haven’t I seen this somewhere?

There have been similar ideas proposed in the past

DM Models mA{mB nB “ n̄B 3 Ñ 2

Co-decay mA » mB ˆ X,ˆ

Co-annihilation mA » mB X ˆ

Forbidden mA ă mB X ˆ

Cannibal mA " mB X,ˆ X
Secluded mA " mB X,ˆ ˆ

Different phenomenology and regions of viability

1991 - Griest,Seckel

1991 - Griest,Seckel
1505.07107 - D’Agnolo,Ruderman
1602.04219 - Pappadopulo et al

0711.4866 - Pospolov et al
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Realistic Model

Dark SUp2q broken gauge symmetry Ñ W˘
D , ZD

Dark Higgs doublet, HD

Custodial symmetry broken by dim-6 operator,

1

Λ2
pH:DµHqpH

:

DD
µHDq

Opens decay channel for ZD but not W˘
D :

ZD Ñ Z˚ Ñ SM

ZD is the “B particle”
W˘
D is the “A particle”

SM Z

SM Higgs
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Take home message

Co-decay Ñ new mechanism for dark matter freeze-out
No Boltzmann suppression
No direct detection or LHC limits
Constraints from indirect detection and cosmology To do:

Model space still largely unexplored
Effects of dark matter temperature
Features in forbidden regime
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