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New Ideas in
Dark Matter Theory



Why?
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Past 40 years

WIMP, glorious WIMP*

*Also axions
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WIMP

mDM = ↵⇥ 30 TeV
<latexit sha1_base64="OZ3aZY6FRdsOvHCLpbEFfzRAWE8="></latexit>

Correct relic abundance for 

h�annvi =
↵2

m2
DM

<latexit sha1_base64="gsOEIbjDXNi3GVL0JaYC9SCT0tU="></latexit>
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DM SM

time

For Weak coupling, Weak scale emerges

Weakly Interacting Massive Particle (WIMP)
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WIMP 

6

Thermal Relic: 
Simple and Predictive
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WIMP 
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Thermal Relic: 
Simple and Predictive
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Guiding principle in cosmology



Searching for WIMPs
Direct Production           Direct Detection         Indirect Detection

e.g. LHC e.g. LUX

Experiments are getting increasingly sensitive… 
but we still haven’t found it

e.g. FERMI
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Dominant paradigm being challenged.  
 

Great opportunity for new ideas!
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Status in 2019*

*2020 never happened
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Beyond the WIMP
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Beyond the WIMP
dark matter mass
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WIMP

Warm dark matter
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Beyond the WIMP
dark matter mass
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(Thermal) Big Bang 
Nucleosynthesis
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Beyond the WIMP
dark matter mass
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Thermal unitarity limit

106

warm BBN

13

GeV1050



Beyond the WIMP
dark matter mass

ssss

10−30 1 10310−310−6 1018106

Thermal particle dark matter

unitaritywarm BBN
planck 
scale
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Beyond the WIMP
dark matter mass
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Light dark matter

unitaritywarm BBN
planck 
scale
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Beyond the WIMP
dark matter mass

Super heavy DM 

ssss

10−30 1 10310−310−6 1018106

unitaritywarm BBN
planck 
scale
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• ……


• Weakly coupled WIMPs


• SIMPs


• ELDERs


• Forbidden dark matter


• Co-scattering dark matter


• Sub-MeV thermal dark matter


• Super heavy thermal dark matter


• Zombies

New Theory Ideas
……


[Pospelov, Ritz, Voloshin 2007; Feng, Kumar 2008]


[Hochberg, EK, Volansky, Wacker, 2014; + Murayama, 2015]


[EK, Perelstein, Rey-Le Lorier, Tsai, 2016]


[Griest, Seckel 1991; D’Agnolo, Ruderman, 2015]


[D’Agnolo, Pappadopulo, Ruderman, 2017]


[Berlin, Blinov 2017]


[Kim, EK 2019]


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

… are abundant
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Light dark matter



Ex. 1: Weakly Coupled 2→2 

h�annvi =
↵2

m2
DM

<latexit sha1_base64="gsOEIbjDXNi3GVL0JaYC9SCT0tU="></latexit>

mDM = ↵⇥ 30 TeV
<latexit sha1_base64="OZ3aZY6FRdsOvHCLpbEFfzRAWE8="></latexit>

↵ ⌧ 1
<latexit sha1_base64="i4ScxsFVIFEKBZSxqtpyWp6aW9s=">AAACHnicbVDLSgNBEJz17fqKevQyGAQvhl0V9CKIXjwqGBWyi/ROZs2QmdlhpleMS37Dq36NN/GqHyM4iTn4KmgoqrqhujIjhcMoeg/Gxicmp6ZnZsO5+YXFpdryyoUrSst4kxWysFcZOC6F5k0UKPmVsRxUJvll1j0e+Je33DpR6HPsGZ4quNEiFwzQS0kC0nSAJlLS+LpWjxrREPQviUekTkY4va59JO2ClYprZBKca8WRwbQCi4JJ3g+T0nEDrAs3vOWpBsVdWt0NQ/fphpfaNC+sH410qH4/qUA511OZ31SAHffbG4j/ea0S8/20EtqUyDX7GYMVygAexA3/Tlqh6N5v5bynFeh+OEyUl5JiQQdV0bawnKHseQLMCv8VZR2wwNAXGoa+r/h3O3/JxXYj3mlsn+3WD49Gzc2QNbJONklM9sghOSGnpEkYMeSBPJKn4Cl4Dl6C16/VsWB0s0p+IHj7BKHAoUY=</latexit>

SMDM

DM SM

time

[Pospelov, Ritz, Voloshin 2007


 Feng, Kumar 2008]
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h�annvi =
↵2

m2
DM

<latexit sha1_base64="gsOEIbjDXNi3GVL0JaYC9SCT0tU="></latexit>

SMDM

DM SM

time

Ex. 2: Forbidden Channels

mDM < mSM
<latexit sha1_base64="EYwHOJS0lW8TlzTm40kDTuVuw1M="></latexit>

mass 
difference

freezeout 
temp

Forbidden @ T=0; 
Proceeds via Boltzmann tail

x = m/T
<latexit sha1_base64="zP6qCp+AWLAgeBZQmnV9dr2u5g0="></latexit>

mDM = ↵⇥ 30 TeV ⇥ e�xf�
<latexit sha1_base64="yDCW0i01rujZZuZlm/vDeXZUQ5U="></latexit>

[Griest, Seckel 1991;  
D’Agnolo, Ruderman 2015] 20
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DM

time

DM

DM

DM
⌦
�v2

↵
3!2

=
↵3

m5
DM

<latexit sha1_base64="0V/uXIjfpd6oEOBed04D8otdwKg="></latexit>

mDM = ↵⇥ 100 MeV
<latexit sha1_base64="oNJ6sQkhypylHmjAzO2HSMaameQ="></latexit>

For strong coupling, strong scale emerges

Strongly Interacting Massive Particle (SIMP)

21

Ex. 3: SIMPs
[Hochberg, EK,  
Wacker, Volansky, 2014]



DM

DM

time

DM

DM

DM

SM

DM DM

SM

time
entropy

Shed the heatPumps heat

22

Ex. 3: SIMPs
[Hochberg, EK,  
Wacker, Volansky, 2014]



Generic.
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Dark Sectors

Self 
-Interactions

DM DM

Visible sector Dark sector

SM is a  
particle zoo.

Why not in the  
dark sector too?
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QCD-like sector
Think Standard Model!

Dark matter from strongly coupled gauge theories

Sp(Nc), SU(Nc), SO(Nc)

e.g. SU(3)dark×U(1)dark

kinetically mixed 
hidden photon (V) 

QCD-like theories, pions = dark matter. 
Many processes, many dark matter mechanisms.

[Hochberg, EK, Murayama,  
Volansky, Wacker, 2015]
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Processes

(From the Wess-Zumino-
Witten term. In QCD 

describes K K→ π π π )

3→2 processes
π
π
π

π

π

26



Processes

3→2 processes

π
ρ

π

π

π
π
π

ρ

forbidden

π

π

m⇢ & m⇡
<latexit sha1_base64="7mC6LqGKIaepCUFTkYaysH2NTcs=">AAACKHicbVDLSgMxFM3UVx1f9bFzEyyCG8tMFXQjFN24VLBaaIeSSTNtaB5Dckdsh/6LW/0ad+LW/xBM6yx8HQicnHMvnHviVHALQfDmlebmFxaXysv+yura+kZlc+vW6sxQ1qRaaNOKiWWCK9YEDoK1UsOIjAW7i4cXU//unhnLtbqBUcoiSfqKJ5wScFK3siO7HTPQuNMHNySx+6a8W6kGtWAG/JeEBamiAlfdykenp2kmmQIqiLXtMEghyokBTgWb+J3MspTQIemztqOKSGaj/GEWf4L3ndTDiTbuKcAz9ftKTqS1Ixm7SUlgYH97U/E/r51BchrlXKUZMEV/xqBapgTOwpo7J8qBD8eHCRspSdTEnyVKMoFB42lpuMcNoyBGjhBquLsK0wExhIKr1vddX+Hvdv6S23otPKrVr4+rjfOiuTLaRXvoAIXoBDXQJbpCTUTRGD2iJ/TsPXsv3qv39jVa8oqdbfQD3vsnjqylZA==</latexit>
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Processes

3→2 processes

π
ρ

π

π

π
π
π

ρ

π

π V sm

sm

π

π

2→2 annihilations

forbidden
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Processes

3→2 processes

π
ρ

π

π

π
π
π

ρ

π

π V sm

sm

π

π

2→2 annihilations

V
π π

sm sm

elastic scattering

forbidden
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Direct Detection
SuperCDMS

[2020]

SENSEI
[2020]



Dark Spectroscopy
e+e� ! resonances

center of mass energy traces the QCD resonance structure 

33



Dark Spectroscopy
mono-photon energy also traces the resonance structure 

E� =

p
s

2

✓
1� M2

res

s

◆

<latexit sha1_base64="46IQNvtqPQnCcLmCzvHm6EgohPA="></latexit>
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<latexit sha1_base64="F5mlz+cMauBggcEefUXLYK7ZaM4="></latexit>

34
[Hochberg, EK, Murayama, 2016, 2017]



GeV

ssss

10−30 10501 10310−310−6 1018106
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Super heavy dark matter



Unitarity Bound

mDM = ↵⇥ 30 TeV
<latexit sha1_base64="OZ3aZY6FRdsOvHCLpbEFfzRAWE8="></latexit>

Correct relic abundance for 

h�annvi =
↵2

m2
DM

<latexit sha1_base64="gsOEIbjDXNi3GVL0JaYC9SCT0tU="></latexit>

SMDM

DM SM

time

For perturbative couplings  α < 4π

mDM ≲ 300 TeV

36



Ex. 1: Composite Interactions

p+

e−

e+

p−

p+

p−

e− e+

γγ

γγ

dark hydrogen anti-hydrogen annihilation 

Harigaya, Ibe, Kaneta, Nakano, Suzuki (2016); J. Smirnov, J. F. Beacom, (2019); Contino, Mitridate, Podo, 
Redi, (2019); Gross, Mitridate, Redi, Smirnov, Strumia (2019); Geller, Iwamoto, Lee, Shadmi, Telem (2018)

37
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Ex. 1: Composite Interactions

p+

e−

e+

p−

p+

p−

e− e+

γγ

γγ

σann ≃ 4πa2
0

Bohr Radius

38

a0 ≃
1

αme

DM

DM

dark hydrogen anti-hydrogen annihilation 

Predicts much heavier DM



Compare Processes

Much more efficient!

Γann = nDM ⟨σannv⟩ ∝ e−mDM/T

DM

DM

time

light
thing

DM

thing2

time

Γann = nlight ⟨σannv⟩

39

vs.

Less efficient

thing2

thing1 thing1

(abundant)
(rare)



DM

ψ

ψ

ψ

Ex. 2: Zombies

mDM > mψ

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

time

40



ψ

ψ

ψ

DM

time

Ex. 2: Zombies

41

mDM > mψ

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



Ex. 2: Zombies

⟨σzombiev⟩ =
α2

m2
DM

mDM = α2/3 × 106 TeV (mDM = 2mψ)

ssss

10−30 10501 10310−310−6 1018106

unitaritywarm BBN
planck 
scale

GeV

WIMP

1010

time

42
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decay

decay

decay

Metastable DM with strong indirect detection signal
43

ψ

ψ

ψ

Ex. 2: Zombies

DM



Ex. 3: Chain DM

44

DM candidate decays

2

�1

sm

�2

sm

�2

sm

�3

sm

· · ·

�N�1

sm

�N

sm

sm

sm

FIG. 1. Dark matter coscatter and codecay chain.

process �2 ! sm + sm, will necessarily lead to the fast
decay of �1 via an o↵-shell �2. Therefore, we propose
that there is a coscattering chain, such that scatters take
place only for nearest neighbor

�i + sm $ �i+1 + sm, (4)

which codecay in equilibrium with �N ,

�N ! sm + sm . (5)

This is summarized in Fig. 1. Here �1 is still the dark
matter, but its decay width is suppressed due to the large
phase space needed to decay to the SM (�1 decays to 2N
SM particles).

III. TWO PARTICLE CASE

We first consider the simplest case of N = 2 dark sec-
tor particles. While this example is not cosmologically
viable, it demonstrates the basic idea of the mechanism.
There are two degenerate states �1 and �2, which coscat-
ter [1] o↵ SM bath particles via the process

�1 + SM $ �2 + SM. (6)

The dark matter candidate is �1, while �2 decays in equi-
librium with the SM bath.
The Boltzmann equations for the system are

ṅ1 + 3Hn1 = nsmh�vi(n2 � n1), (7)

ṅ2 + 3Hn2 = nsmh�vi(n1 � n2)� (n2 � n
eq
2 )�2, (8)

where h�vi is a thermally averaged cross section for the
scattering process, neq is equilibrium number density of
�, and �2 is the decay rate of �2 in the thermal bath. This
system is similar to the co-scattering scenario [1], but here
the dark matter bath is kept in equilibrium with the SM
bath via decays and inverse-decays, rather than annihi-
lations. Ultimately, since decays and inverse-decays can
stay in equilibrium much longer, this will allow for much
heavier DM.

Unlike the case for freezeout via annihilations, the in-
stantaneous freezeout approximation will not give a good
estimate of the relic abundance. This is because the rate
for �1 scattering, � ⇠ nsmh�vi, is not dropping o↵ expo-
nentially fast with the expansion, and therefore freezeout
takes a long time. However, an approximate analytic so-
lution to the relic abundance can still be determined from
the Boltzmann equations.

If the decay rate is larger than the Hubble expansion
parameter when the temperature of the universe is equal
to the dark matter mass, the number density of �2 closely
follows its equilibrium value. Then an approximate so-
lution to the �1 density can be found by considering the
single equation

Y
0
1 =

�

x2
(�Y1 + Yeq), (9)

where Yi = ni/s, � = (nsmh�vi/H)|x=1. The asymptotic
value of the relic abundance is

Y1(1) ⇡
45

23/2⇡3g?s
�e

�2
p
�
⌘ Y1(�). (10)

The fact that the relic abundance scales as Y1(1) ⇠

e
�2xfo and not e

�xfo , is a result of the slow freezeout.
From the Boltzmann equation (9), �1 departs equilibrium
when �/x

2
fo ⇠ 1. At this point, �1 creation stops, but can

continue to scatter away. Neglecting the inverse process,
one solves

Y
0
1 = �

�

x2
Y1, (11)

to find that Y1(x) = Y1(xfo)e
�
x� �

xfo ! e
�2xfo . One also

sees from this solution that the abundance stops changing
significantly when xfin ⇠ � = x

2
fo.

From this estimation, we can find h�vi, reproduc-
ing the observed relic abundance of dark matter, while
satisfying the unitarity bound. For instance, param-
eterizing the cross-section as h�vi ⌘ ↵

2
/m

2
�, then

m� = mpl = 2.4⇥ 1018 GeV and ↵ ' 17, reproduces the
correct relic abundance (assuming the DM scatters o↵ all
all SM particles and that g?s = 106.75).

Unfortunately, the minimal scenario is not vi-
able because the dark matter can decay through
�1 ! 2 sm + �

⇤
2 ! 4 sm. The decay rate of �1 is

�1

�2
⇠

⇣
↵

16⇡2

⌘2
. (12)

Considering that we assumed that the decays are in equi-
librium, �1 is short lived and therefore cannot be identi-
fied as dark matter.

IV. N > 2 DEGENERATE CASE

Although the simplest N = 2 example does not work,
it is interesting to observe that the decay rate of �1 is
suppressed relative to that of �2 due to the small available
phase space and the coupling constant. In this regard,
we consider N > 2 case with the same type of nearest-
neighbor interactions. Similarly, we assume that only �N

is able to decay into SM particles, that the masses are
degenerate, and that the cross section for each interaction

Very efficient because the SM particles are abundant

[Kim, EK 2019]
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χ1 χ2 χN… …

Wall Cliff 

Ex. 3: Chain DM

DM random walks

DM candidate decays

2

�1

sm

�2

sm

�2

sm

�3

sm

· · ·

�N�1

sm

�N

sm

sm

sm

FIG. 1. Dark matter coscatter and codecay chain.

process �2 ! sm + sm, will necessarily lead to the fast
decay of �1 via an o↵-shell �2. Therefore, we propose
that there is a coscattering chain, such that scatters take
place only for nearest neighbor

�i + sm $ �i+1 + sm, (4)

which codecay in equilibrium with �N ,

�N ! sm + sm . (5)

This is summarized in Fig. 1. Here �1 is still the dark
matter, but its decay width is suppressed due to the large
phase space needed to decay to the SM (�1 decays to 2N
SM particles).

III. TWO PARTICLE CASE

We first consider the simplest case of N = 2 dark sec-
tor particles. While this example is not cosmologically
viable, it demonstrates the basic idea of the mechanism.
There are two degenerate states �1 and �2, which coscat-
ter [1] o↵ SM bath particles via the process

�1 + SM $ �2 + SM. (6)

The dark matter candidate is �1, while �2 decays in equi-
librium with the SM bath.
The Boltzmann equations for the system are

ṅ1 + 3Hn1 = nsmh�vi(n2 � n1), (7)

ṅ2 + 3Hn2 = nsmh�vi(n1 � n2)� (n2 � n
eq
2 )�2, (8)

where h�vi is a thermally averaged cross section for the
scattering process, neq is equilibrium number density of
�, and �2 is the decay rate of �2 in the thermal bath. This
system is similar to the co-scattering scenario [1], but here
the dark matter bath is kept in equilibrium with the SM
bath via decays and inverse-decays, rather than annihi-
lations. Ultimately, since decays and inverse-decays can
stay in equilibrium much longer, this will allow for much
heavier DM.

Unlike the case for freezeout via annihilations, the in-
stantaneous freezeout approximation will not give a good
estimate of the relic abundance. This is because the rate
for �1 scattering, � ⇠ nsmh�vi, is not dropping o↵ expo-
nentially fast with the expansion, and therefore freezeout
takes a long time. However, an approximate analytic so-
lution to the relic abundance can still be determined from
the Boltzmann equations.

If the decay rate is larger than the Hubble expansion
parameter when the temperature of the universe is equal
to the dark matter mass, the number density of �2 closely
follows its equilibrium value. Then an approximate so-
lution to the �1 density can be found by considering the
single equation

Y
0
1 =

�

x2
(�Y1 + Yeq), (9)

where Yi = ni/s, � = (nsmh�vi/H)|x=1. The asymptotic
value of the relic abundance is

Y1(1) ⇡
45

23/2⇡3g?s
�e

�2
p
�
⌘ Y1(�). (10)

The fact that the relic abundance scales as Y1(1) ⇠

e
�2xfo and not e

�xfo , is a result of the slow freezeout.
From the Boltzmann equation (9), �1 departs equilibrium
when �/x

2
fo ⇠ 1. At this point, �1 creation stops, but can

continue to scatter away. Neglecting the inverse process,
one solves

Y
0
1 = �

�

x2
Y1, (11)

to find that Y1(x) = Y1(xfo)e
�
x� �

xfo ! e
�2xfo . One also

sees from this solution that the abundance stops changing
significantly when xfin ⇠ � = x

2
fo.

From this estimation, we can find h�vi, reproduc-
ing the observed relic abundance of dark matter, while
satisfying the unitarity bound. For instance, param-
eterizing the cross-section as h�vi ⌘ ↵

2
/m

2
�, then

m� = mpl = 2.4⇥ 1018 GeV and ↵ ' 17, reproduces the
correct relic abundance (assuming the DM scatters o↵ all
all SM particles and that g?s = 106.75).

Unfortunately, the minimal scenario is not vi-
able because the dark matter can decay through
�1 ! 2 sm + �

⇤
2 ! 4 sm. The decay rate of �1 is

�1

�2
⇠

⇣
↵

16⇡2

⌘2
. (12)

Considering that we assumed that the decays are in equi-
librium, �1 is short lived and therefore cannot be identi-
fied as dark matter.

IV. N > 2 DEGENERATE CASE

Although the simplest N = 2 example does not work,
it is interesting to observe that the decay rate of �1 is
suppressed relative to that of �2 due to the small available
phase space and the coupling constant. In this regard,
we consider N > 2 case with the same type of nearest-
neighbor interactions. Similarly, we assume that only �N

is able to decay into SM particles, that the masses are
degenerate, and that the cross section for each interaction

[Kim, EK 2019]
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FIG. 1. Dark matter coscatter and codecay chain.

process �2 ! sm + sm, will necessarily lead to the fast
decay of �1 via an o↵-shell �2. Therefore, we propose
that there is a coscattering chain, such that scatters take
place only for nearest neighbor

�i + sm $ �i+1 + sm, (4)

which codecay in equilibrium with �N ,

�N ! sm + sm . (5)

This is summarized in Fig. 1. Here �1 is still the dark
matter, but its decay width is suppressed due to the large
phase space needed to decay to the SM (�1 decays to 2N
SM particles).

III. TWO PARTICLE CASE

We first consider the simplest case of N = 2 dark sec-
tor particles. While this example is not cosmologically
viable, it demonstrates the basic idea of the mechanism.
There are two degenerate states �1 and �2, which coscat-
ter [1] o↵ SM bath particles via the process

�1 + SM $ �2 + SM. (6)

The dark matter candidate is �1, while �2 decays in equi-
librium with the SM bath.
The Boltzmann equations for the system are

ṅ1 + 3Hn1 = nsmh�vi(n2 � n1), (7)

ṅ2 + 3Hn2 = nsmh�vi(n1 � n2)� (n2 � n
eq
2 )�2, (8)

where h�vi is a thermally averaged cross section for the
scattering process, neq is equilibrium number density of
�, and �2 is the decay rate of �2 in the thermal bath. This
system is similar to the co-scattering scenario [1], but here
the dark matter bath is kept in equilibrium with the SM
bath via decays and inverse-decays, rather than annihi-
lations. Ultimately, since decays and inverse-decays can
stay in equilibrium much longer, this will allow for much
heavier DM.

Unlike the case for freezeout via annihilations, the in-
stantaneous freezeout approximation will not give a good
estimate of the relic abundance. This is because the rate
for �1 scattering, � ⇠ nsmh�vi, is not dropping o↵ expo-
nentially fast with the expansion, and therefore freezeout
takes a long time. However, an approximate analytic so-
lution to the relic abundance can still be determined from
the Boltzmann equations.

If the decay rate is larger than the Hubble expansion
parameter when the temperature of the universe is equal
to the dark matter mass, the number density of �2 closely
follows its equilibrium value. Then an approximate so-
lution to the �1 density can be found by considering the
single equation

Y
0
1 =

�

x2
(�Y1 + Yeq), (9)

where Yi = ni/s, � = (nsmh�vi/H)|x=1. The asymptotic
value of the relic abundance is

Y1(1) ⇡
45

23/2⇡3g?s
�e

�2
p
�
⌘ Y1(�). (10)

The fact that the relic abundance scales as Y1(1) ⇠

e
�2xfo and not e

�xfo , is a result of the slow freezeout.
From the Boltzmann equation (9), �1 departs equilibrium
when �/x

2
fo ⇠ 1. At this point, �1 creation stops, but can

continue to scatter away. Neglecting the inverse process,
one solves

Y
0
1 = �

�

x2
Y1, (11)

to find that Y1(x) = Y1(xfo)e
�
x� �

xfo ! e
�2xfo . One also

sees from this solution that the abundance stops changing
significantly when xfin ⇠ � = x

2
fo.

From this estimation, we can find h�vi, reproduc-
ing the observed relic abundance of dark matter, while
satisfying the unitarity bound. For instance, param-
eterizing the cross-section as h�vi ⌘ ↵

2
/m

2
�, then

m� = mpl = 2.4⇥ 1018 GeV and ↵ ' 17, reproduces the
correct relic abundance (assuming the DM scatters o↵ all
all SM particles and that g?s = 106.75).

Unfortunately, the minimal scenario is not vi-
able because the dark matter can decay through
�1 ! 2 sm + �

⇤
2 ! 4 sm. The decay rate of �1 is

�1

�2
⇠

⇣
↵

16⇡2

⌘2
. (12)

Considering that we assumed that the decays are in equi-
librium, �1 is short lived and therefore cannot be identi-
fied as dark matter.

IV. N > 2 DEGENERATE CASE

Although the simplest N = 2 example does not work,
it is interesting to observe that the decay rate of �1 is
suppressed relative to that of �2 due to the small available
phase space and the coupling constant. In this regard,
we consider N > 2 case with the same type of nearest-
neighbor interactions. Similarly, we assume that only �N

is able to decay into SM particles, that the masses are
degenerate, and that the cross section for each interaction

[Kim, EK 2019]

Most DM settles away 
 from the cliff

DM density
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Ex. 3: Chain DM

⟨σchainv⟩ =
α2

m2
DM

time

χi

sm

χi+1

sm

mDM ≃ α2 × 1016 GeV

[Kim, EK 2019]



Outlook
• Lots of activity for thermal dark matter. 

• Many different interactions, processes, and their relative 
importance throughout the cosmological history.  

• Novel dark matter frameworks. 

• Generic. 

• Lots of discovery potential for experiments.  

• Much more to do. 
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Thank you!
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