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Constraining Dark-Matter
Lifetimes

● Decay into Standard Model (SM) particles → stringent 
bounds mean such particles must be “hyperstable”
(τ ≳ 1028 s)
[Cirelli, Moulin, Panci, Serpico, Viana ‘12; Cohen, Murase, Rodd, Safdi, Soreq ‘16; Liu, Bi, Lin, 
Yin ‘16; Blanco, Hooper ‘18]

● Dark-to-dark decays → bounds exist from supernovae, 
CMB, etc., but in this case, hyperstability bound is 
τ ≳ 1019 s
[Gong, Chen ‘08; Blackadder, Koushiappas ‘14, ‘15; Poulin, Serpico, Lesgourgues ‘16]

Depends on decay products.
Assuming single-component DM: 



Dynamical Dark Matter (DDM)

● Alternative framework for dark-matter physics in which dark-matter 
candidate is ensemble of decaying particles [Dienes, Thomas ‘11]

● Balancing between abundances and lifetimes provides a novel way of 
circumventing hyperstability bound on single-particle dark-matter 
candidate

● Analysis has been done on DDM 
decaying into visible, SM particles 
[Dienes, Thomas ‘12; Dienes, Kumar, Thomas 
‘13; Boddy, Dienes, Kim, Kumar, Park, Thomas 
‘16; Dienes, Stengel, Thomas ‘18]

● Not much information constraining 
DDM decaying solely into 
dark-sector particles lifetime
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Dark-Sector Decays

● This talk: taking a first step in investigating bounds on DDM 
ensembles decaying solely to lighter dark-sector states

● Decays convert mass energy of decaying particles to kinetic energy 
of daughter particles. This changes the equation of state of the dark 
sector

● Bounds on traditional dark-matter decays into lighter dark states 
have been derived from the redshift/luminosity-distance 
relationship for Type Ia supernovae [Blackadder, Koushiappas ‘14, ‘15]

● Here, I’ll explore the extent to which an entire DDM ensemble can 
evade these “hyperstability” bounds, and I’ll derive the 
corresponding constraints on DDM ensembles



Hubble Parameter

● Describes the rate of the expansion of the universe

● Time-evolution of H depends on what the universe is 
made up of

● Time-evolution of H (i.e. H as a function of redshift z) is 
observationally constrained



But wait! What about Hubble Tension?

● Value of present-day Hubble parameter as extrapolated from 
CMB is apparently inconsistent with value extracted from 
low-redshift supernova data!
[Efstathiou, ‘13; Addison, Huang, Watts, Bennett, Halpern, Hinshaw, Weila ‘15; Aghanim et al. 
‘16; Aylor, Joy, Lloyd Knox, Marius Mil-lea, Srinivasan Raghunathan, and W. L. Kimmy W]

● Since this talk focuses on late-time probes of H(z), we adopt 
parameters for the standard cosmology which are optimized to 
fit the supernova data to be considered in this study

● In this talk, our constraints on DDM scenarios will be based on 
discrepancies from the standard cosmology with these 
parameter choices



● Single component DM:

● DDM:

Hubble Parameter (cont.)

Many realistic DDM models have scaling relations like this

Assume:



● Ensemble constituent χn (non-relativistic by tLS):

● Assume χn decays into two massless daughter particles (dark 
radiation) via χn→ψψ:

● Massless case represents maximal transfer of mass energy to kinetic 
energy (bounds on χn decays to massive daughters always weaker). 

Energy Density for Decaying Particles

t(a) depends on the Hubble parameter: a 
system of equations has to be numerically 
integrated, using CMB data as initial 
conditions



Type Ia Supernovae
● Standard candles → brightness and properties are well-understood, same 

everywhere in the universe so distance can be measured reliably

● Pantheon data set contains data for 1048 supernovae [Scolnic et al. ‘16]

● Compare the set of measured distance moduli μ0i
meas to theoretical predictions 

μ0
calc(zi) at the corresponding redshifts zi for any particular DDM model

● Assess goodness of fit using the statistic
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Dealing with Very Short-Lived 
Ensemble Constituents 

● The reason: these states would largely decay away 
prior to last scattering, leading to non-zero Ωψ(tLS).

lifetime
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● How to deal with this: for a given ensemble, require that the presence of these states 
doesn’t cause χ2/Nd.o.f. to change by more than 1% from what it would be without them.

● Consistency with initial conditions nominally  
requires τn > tLS  for all χn in the ensemble.  
Problematic for large N (and N → ∞ limit).

● However, if the total abundance of all χnwith τn < tLS 
is sufficiently small, these states, which would lead 
to Ωψ(tLS) > 0, will not significantly affect H(z).

“Problem” 
States



increasing N to infinity with mass ratio of 1

Contour Plots Contours: minimum lifetime τ0 for 
lightest state χ0 which is consistent 

with Pantheon data at 3σ.



Conclusions and Future Work

● We have derived constraints on ensembles of DDM where each 
particle in the ensemble decays into two massless daughters
○ We have derived a lower bound on τ0 throughout the parameter 

space of our DDM scenario

● Avenues for future work:
○ More detailed analysis of ensembles involving intra-ensemble 

decays – i.e. decays into final states involving other, lighter χn
○ Incorporate CMB constraints in order to determine to what 

extent the hyperstability bound on dark-to-dark decays can be 
relaxed within the DDM framework


