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e Could the Sg tension be related to new physics?

e Could it be related to the stability of Dark Matter (DM) on
cosmological times scales?

e We explore DM decays to massless (Dark Radiation) and massive
(Warm Dark Matter) particles, x(DM) — v(DR) 4 (WDM)
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Two extra parameters:
X For = ety and e
Epy =m, l/j

Eypm =1 —¢&)m,



Evolution of perturbations and
cosmological constraints in decaying

dark matter models with arbitrary
decay mase products Full treatment of perts.,
no parameter SCan

Shohei Aoyama,' Toyokazu Sekiguchi,' Kiyotomo
Ichiki’ and Naoshi Sugiyama'™!

1402.2972




Evolution of perturbations and
cosmological constraints in decaying
dark matter models with arbitrary
decay mass products

Shohei Aoyama,' Toyokazu Sekiguchi,' Kiyotomo
Ichiki’ and Naoshi Sugiyama'™!

1402.2972

Late universe decaying dark matter can relieve the Hy tension

Kyriakos Vattis*| and Savvas M. Koushiappas'
Department of Physics, Broun University, 182 Hope St., Providence, RI 02912 and
Broun Theoretical Physics Center, 182 Hope St., Providence, RI 02912

Abraham Loch
Department of Astronomy, Harvard University, 60 Garden St., Cambridge, MA 02138

1903.06220

Full treatment of perts.,
no parameter scan

Resolution to Hy tension?
no perturbations



Evolution of perturbations and
cosmological constraints in decaying
dark matter models with arbitrary

decay mase products Full treatment of perts.,
no parameter SCan

Shohei Aoyama,' Toyokazu Sekiguchi,' Kiyotomo
Ichiki’ and Naoshi Sugiyama'™!

Late universe decaying dark matter can relieve the H, tension
Kyriakos Vnmsv' and Sm\'is M. Koushiappas' " R | H H H ?
e o s s B o end esolution to o tension!
Deprment f Atonomy, Harsrd Goeoat 50 Goden St Combridy, WA 02155 no perturbations

1903.06220

Late-time decaying dark matter: constraints and
implications for the Hj-tension S N Ia _|_ BAO ru Ie OUt SOl ution
Balakrishna S. Haridasu,'** Matteo Viel *%0f no p e rt u rb at | ons

2004.07709



Evolution of perturbations and
cosmological constraints in decaying
dark matter models with arbitrary
decay mass products

Full treatment of perts.,
no parameter scan

Shohei Aoyama,' Toyokazu Sekiguchi,' Kiyotomo
Ichiki’ and Naoshi Sugiyama'™!

1402.2972

Late universe decaying dark matter can relieve the Hy tension
Kyriakos Vattis*| and Savvas M. Koushiappas'

rment o s Yol Sevre M. Korsliorel] s Resolution to Hp tension?

Broun Theoretical Physics Center, 182 Hope St., Providence, RI 02912

gt of s Tt AL oo 1, G, A 5 no perturbations
1903.06220

Late-time decaying dark matter: constraints and )
implications for the Hj-tension S N Ia _|_ BAO ru Ie OUt SOl ut|0n
Balakrishna S. Haridasu,'** Matteo Viel *%0f no p e rt u rb at | ons

2004.07709

CMB constraints on late-universe decaying dark matter as a solution to the H, tension

CMB rules out solution
no perturbations

2006.03678



e Effects on P(k) and C;? — Track linear perturbations for the
daughter particles: ép, 0p and op



e Effects on P(k) and C;? — Track linear perturbations for the
daughter particles: dp, Op and op

e Boltzmann hierarchy of eqgs. dictate the evolution of the p.s.d.
multipoles Afy(q, k, )

< DR treatment is easy, momentum d.o.f. are integrated out

o For WDM, one needs to follow the evolution of the full p.s.d.
Computationally expensive — O(108) ODEs to solve !
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Based on a fluid description for massive neutrinos (1104.2935)

The eqgs. (valid at kT > 1) read

. h
op = =3H(Zm — w)ip — (1+ w) (99 + 2) +al(1— )p;; (0pm — 0p)
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and
Ak, 7) = G(T)[L+ (1 — 22) T(k/k)]

Accurate at the O(0.1%) level in C;, and at O(1%) level in P(k)

CPU time reduced from ~ 1 day to ~ 1 minute!
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The WDM daughter leads to a power suppression in P(k)

at small scales, k> kg, where kg ~ H/c,

e [ controls the depth of the power suppression

e ¢ controls the cut-off scale (ki)
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o e Modified version of CLASS
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. e Modified version of CLASS
A .

/ \ - /ACDM

Run MCMC against Planck, BAO
Ny SNla, fog & Sg !

e The reconstructed (best-fit)
value is Sg ~ 0.77 !
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EEN ADDM

e Modified version of CLASS
N\ -=con Run MCMC against Planck, BAO
/ \_ SNla, fog & Sg .

e The reconstructed (best-fit)
value is Sg ~ 0.77 !
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e In the best-fit cosmology, Qydqm/Qm ~ 18%

e The WDM leads to the same Sg value as massive neutrinos with
M,=0.27 ¢V 2 (ruled out by CMB)

e The 2-body decay gives a better fit thanks to the time-dependence of
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e Xenon-1T excess: It could be explained by a fast DM component
(2006.10735)
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First thorough cosmological analysis of the 2-body decay scenario

It fully restores cosmological concordance for Sg (but not for Hp)

Many interesting implications (DM model building, small-scale crisis,
Xenon-1T excess)

Future growth factor measurements can further test this scenario
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First thorough cosmological analysis of the 2-body decay scenario

It fully restores cosmological concordance for Sg (but not for Hp)

Many interesting implications (DM model building, small-scale crisis,
Xenon-1T excess)

Future growth factor measurements can further test this scenario
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f(q, k,pu,7) = f(q,7) + AF(q k,pu,7)

Expand Af in multipoles. The Boltzmann eq. leads to the following
hierarchy (in synchronous gauge comoving with the mother)

B, gk Of b Thy(r)

g7 (B) = —g AR+ a5 g+ oy O T

0 gk

a gk Of (h+ 6n)

8 (Af)—qik[lAf (I +1)Afipa]  (for 1> 3)
ar =T pryrne Mo 1 ori=9)

where ¢ = a(75)Pmax. In the relat. limit q/€ =1, so we can take
F = % [ dg g*Af; and integrate out the dependency on q
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We compare two configurations (at the best-fit values)

e Full: Solve Boltzmann hierarchy with N, = 10*

e Approx: Solve Boltzmann hierarchy with N, = 300
and switch-on fluid egs. at k7 > 25
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The residual error on Sg is ~ 0.65%, smaller than the ~ 1.8% error of the
measurement from BOSS+KIDS+2dfLenS
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