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(perturtabtive couplings, standard cosmology, entropy conserved, single
temperature, insensitive to initial conditions,...)
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WIMP unltarlty Bound
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WIMP unltarlty Bound
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Boltzmann suppressed

Bounded by unitarity

Not efficient




Beyond WIMP unitarity
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Less eflicient Much more eflicient!
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Beyond WIMP
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Degenerate particles

mef = QmX

Super Heavy DM

b=1/2 (m,<10°GeV)
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Degenerate particles

mef = ZmX

Super Heavy DM

b=1/2 (m,<10°GeV)

N.(_\7_________________\_\

There exists y with
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2. w will not be in equilibrium.

yw will be overabundant.

Unless...
There is a process depleting y with
b<1
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Degenerate particles

There exists y with
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1. yw will be overabundant.
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Stops when:

1. The mass gets below the
WIMP unitarity bound

or

2. The particle is unstable

and decays (in equilibrium

decays never freezeout)



Example 1:
Zombies



Ex. 1: Zombies

time

E. Kramer, EK, N. Levi, N. Outmezguine, J. Ruderman, PRL 2020
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Beyond WIMP Dark matter should be
unitarity (b < 1) (meta)stable
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Basic Ingredients

Zombie process Equilibrium process
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Y=n/s
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Not efficient enough -
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Equilibrium Phase
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x=m,/T
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Too many zombies

e This process will never be
efficient enough to reduce
the ¢ abundance if

m; Z 300 TeV
(WIMP unitarity bound)

e Zombie must be unstable



[Kramer, EK, Levi, Outmezguine, Ruderman, 2020]
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[Kramer, EK, Levi, Outmezguine, Ruderman, 2020]

Metastable DM
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\K detection signal
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Ex. 2: Chain
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Little (or no) exponential suppression in
the rate for

b=A—->0
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Ex. 2: Chain
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m, 1015 GeV
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Ex. 2: Chain

X1 X2

How does y, maintain equilibrium?
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Ex. 2: Coscattering
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Sm J» decays in equilibrium?

SIT] SIT]

>

time

Large perturbative
Cross-section

(oV) = 1/m)?

m, 1015 GeV
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Ex. 2: Coscattering

X1 X2 \'Y
SIT
Sm X1 1s too unstable
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m, 1015 GeV
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Ex. 2: Chain

DM candidate decays
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Drunk DM

DM candidate decays
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Results




Summary

(AD 0T5"w) g=q -

||||||||| .._ll|||||||||||||||||||||||||||||||||||||||I
~
A, =N
= 1 .
© 3 o N
7. rm
Q@Y < g
N Qv o, S
P 4 1S
mw\,o MHA
<, (APD 0T w) T=q B
A
5 . (AODOT"w) g/1=q a
S O eRRREELEn: :
e = =
9 & &~ v <
op=| n Q 1 +
b « o, 1 5}
FC n ; m =)
| _|
= = o
S S
N




