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The ACDM universe

e Cold dark matter ~ 26%

* Dark energy in the form of a cosmological constant ~ 68%
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The Hubble tension
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Tension with flat ACDM

I I T I
® Pantheon
quasars
0.5~ ® GRBs

3 4
redshift
Lusso et al, arXiv:1907.07692



The distance ladder: SHOES
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* Cepheid stars

* Supernovae of Type la 2
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Riess, Adam G., et al. The Astrophysical Journal 826.1 (2016): 56.



The CMB Power spectrum
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The sound horizon
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Planck 2018

e Hy?8=73.24 km s Mpc 76
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Planck 2018

e H,?18=73.24 km st Mpc?
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Decaying Dark matter

v = XY Puo = (myc*,0),
Pui1 = (emocz,pl),

Pu2 = ((1 = €)m06‘2,172)

Blackadder and Koushiappas. PRD 90.10 (2014): 103527.
Blackadder and Koushiappas. PRD 93.2 (2016): 023510.
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Decaying Dark matter
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Evolution of the equation of state
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Decaying Dark matter

Blackadder and Koushiappas. PRD 93.2 (2016): 023510.

TABLE I: 95% Confidence Limits

] (GyI'_l) F_l (GVI‘) T/t()

model| € - L .
Upper Limit | Lower Limit | Lower Limit

Two [0.499 0.040 25 1.8
Two | 0.49 0.045 22 1.6
Two | 0.45 0.054 19 1.4
Two | 0.4 0.067 15 11
Iwo | U8 0.074 13 0.98
Two | 0.2 12 8.4 0.61
Two | 0.1 0.12 8.4 0.61
Many | 1 0.037 27 2.0
Many | 0.5 0.069 14 |
Many | 0.1 0.15 6.7 0.48
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Decaying Dark matter

> _pi(a) = po(a)+ pi(a) + p2(a)

+ pr(a) + pu(a) + ps(a) + pa

{7', €, {2pM, h} Run these against:
- Distance ladder measurements

- BOSS DR 12, DR 14 quasar BAO

-3 <logg7 <4 - SDSS Ly-alpha auto- and cross-correlation
function

0< N <1 : : :
= %DM = - Under the assumption that the universe is correctly

0.0<h<1 described by Planck18 at recombination
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Decaying Dark matter

TABLE 1. 68% confidence limits.
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Decaying Dark matter

TABLE 1. 68% confidence limits.
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* Part of this allowed values
of the lifetime parameter

| /\ space is ruled out by the
T A @ : @ « SDSS Ly-alpha power
@

spectrum (see Wang et al.,
PRD 85, 043514 (2012) &
PRD 88, 123515 (2013))

* BAO inverse distance ladder
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H(z)/(1+ z)

Relieving the tension
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Possible tests
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LSST
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Conclusions

* The Hubble tension could be a real problem that
potentially requires some new physics.

* A Decaying Dark Matter model can help relieve the
tension.

* Important caveat: The BAO inverse distance ladder.

* More investigation is required, especially on the
effects in structure formation.

 LSST can help to probe such effects.
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Particle physics model

* Super Wimps or excited dark fermions decaying via a
magnetic dipole transition

[ ~ dm?/A? om =1 —+/(1— 2¢)
e~ 0.17 T ~ 20Gyr

A ~ 1016G6V om ~ 180MeV



