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Towards the Neutrino Floor
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Non-Gapped Hidden Sector
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Cannibalism



1.  hidden sector is kinetically decoupled from SM: 

2.  hidden sector has a mass gap: 

3.  number changing interactions are in equilibrium 
when the hidden sector is non-relativistic: 

4.  no chemical potential:
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Simplest Hidden Sector
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Cannibal Sector Temperature

• temperature ratio:  

• temperature vs. scale factor:  
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End of Cannibalism
��� ! �� decoupling � decays
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Dark Matter?�
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Cannibal Dark Matter

•  Suppose        is not dark matter�

• What if cannibalizing      is the background for 
the production of dark matter:     ?
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Cannibal Dark Matter
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• DM from 2-to-2 freezeout in a cannibalizing sector:
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FIG. 2. Cannibal DM has three stages. (1) DM annihilations,

�� ! ��, are in equilibrium and the LDP, �, is relativistic.

(2) Cannibalism begins when � becomes non-relatavistic, and

then DM annihilations freeze-out, at temperature Tf , during

cannibalism. (3) Cannibalism ends when � decays away or

��� ! �� annihilations decouple.

decays (we leave the study of di↵erent orderings of these
events for future work [21]). The cosmological stages of
our scenario are depicted in Fig. 2.

Under the assumption that �� ! �� and ��� ! ��
are in equilibrium, the evolution of the number density
of � is described by a single Boltzmann equation,

dY�

d log x
= �(x)sdh�vi

H
(Y 2

� � Y eq 2
� ), (8)

where Y� ⌘ n�/sd, x ⌘ m�/Td, and (x) ⌘ (1 �
1/3 d log gd

⇤s/d log x). The � relic density is given by
⌦�/⌦DM = m�Y�/(0.4 eV ⇠), where ⌦DMh2 ⇡ 0.12 cor-
responds to the observed DM density [22]. A numerical
solution is shown in Fig. 3.

The Boltzmann equation can be solved analytically in
the sudden freeze-out approximation, neq

� (xf )h�vi = H.
There are two regimes depending on whether the SM or
� dominate the energy density of the Universe when DM
annihilations decouple,
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where all quantities are evaluated at x = xf and �0 =
3 ⇥ 10�26cm3s�1. D > 1 accounts for the entropy in-
jection due to � decay. We evaluate D using a sud-
den decay approximation [23], D = TE

� /TRH , where

TRH ⇡ 0.8 g
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� M
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P is the temperature that the

SM plasma is reheated to after � decays [24].
According to Eq. (5), Td/T� ⇠ erxf/3, which is natu-

rally very large during cannibalism, requiring a boosted
annihilation cross section compared to conventional sce-
narios. Eq. (9) depends on the temperature DM anni-
hilations decouple, xf = m�/Tf , which in the sudden
freeze-out approximation is,

xf ⇡ ��1 log[ h(r) m�MP h�vi] , (10)

where � = 1 � 2
3r or 1 � 1

3r for SM or � domination,
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FIG. 3. Relic density versus r ⌘ m�/m� for m� =
(1MeV, 1TeV) and h�vi = (1, 10, 100)�0, where �0 = 3 ⇥
10�26cm3s�1

. The relic density grows exponentially with r,
as implied by Eqs. (5), (9), and (10).
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Eqs. (5), (9), and (10) imply that the final DM abundance
is exponentially sensitive to r, as shown in Fig. 3.

Phenomenology.— Cannibal DM is not presently
testable by direct detection, because the SM and hidden
sector are kinetically decoupled, implying a small cross
section. However, Cannibal DM predicts rich signals in
indirect detection and cosmology, driven by the boosted
DM annihilation rate, the (exponentially large) age of the
Universe at DM freeze-out, and the decay of relic LDPs.

When � decays, its energy density can modify the num-
ber of relativistic degrees of freedom, which is constrained
by the CMB: Ne↵ = 3.15 ± 0.23 (1�) [22]. If � decays
to photons after neutrino decoupling, the photons are
heated relative to the neutrinos, lowering Ne↵. Alter-
natively, if � decays to dark radiation the resulting en-
ergy density increases Ne↵. These constraints are shown
in Fig. 4, fixing r = m�/m� at each point such that
⌦� = ⌦DM. In the left panel, we assume � decays to
photons and ⇠ = ⇠0 ⇡ 39, which is the entropy ratio if
the SM and the hidden sector of Eq. (7) were in ther-
mal contact above the weak scale. In the right panel,
we assume that � decays to dark radiation and we allow
⇠ to vary. In this case, the constraint on �Ne↵ excludes
the possibility of � ever dominating the expansion of the
Universe. In Fig. 4, we also show the projected sensi-
tivity on Ne↵ coming from CMB Stage-IV experiments,
�Ne↵ = 0.03 (2�) [32]. We have verified that �Ne↵ con-
straints from Big Bang Nucleosynthesis (BBN) [33, 34]
are subdominant to the above constraints.

When � decays to photons, there are indirect detec-
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Indirect Detection
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•  a hidden sector with a mass gap generically 
undergoes a phase of cannibalism


