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Abstract: If dark energy evolves in time its dynamical component could be dominated by a bath of dark radiation. Since dark energ
subdominant in the early universe, the dark energy radiation evades the usual stringent constraints on extra relativistic species from the
microwave background, allowing for an O(1) fraction of the energy density today to be dark radiation. In this talk, | will discuss how dark et
radiation can emerge from a fundamental theory, its predictions for cosmological observables, as well as discovery potential and constrair
existing and future precision cosmological datasets including measurements of the cosmic microwave background, baryon acoustic oscillatic
supernova data. I'll conclude with the prospects of measuring the particle content of the dark energy radiation in direct-detection experiment
presence of interactions between the Standard Model and the dark radiation sector, focusing on neutrinos, axions and dark photons.
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The GComposition of our Universe in /AGDM

Distance Modulus (mag)

Pantheon Sample Type 1A supernovae,
Scolnic et. al. 2018

L
| »/ z
\ (1l +2 1
dy(z) = %[ dZ’(.Qm(l 1 Z")3 + Qpp(1+ 21)3(1+W)) /2
0
Fitting to CMB

determines
0,0,

ACDM fixes Qpg = A, w = —1

TS Fitting to Pantheon data set determines (2,,, = 0.3, and
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Dynamical Dark Energy

Distance Modulus (mag)

Pantheon Sample Type 1A supernovae,
Scolnic et. al. 2018
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4¢)) w(z) = —1 + Aw(2) Dynamics may alleviate
fine-tuning of A

Can provide model to
compare to data
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* Couple axion to non-Abelian gauge group Lip; = —qufIfG'G

d+3Hd +V' = — (mfrféc) ()

sphalerons
f‘ \

%GG) K m%+ Yo + 0(¢)

Not allowed by symmetry

gauge field vacua
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Implement Dark Energy Radiation in CLASS

= Dark Energy Radiation

3/4
= minimal DER: ¥ « aS%

= toy model: Y = constant
= QuintessenceY =0

Data sets:
* Planck 2018 CMB (TTTEEE)
* Baryon acoustic oscillations (BOSS DR12, SDSS MGS DR7 and DR12)
* Pantheon Supernovae sample

Forecasts:
» Simons Observatory projections/Roman (WFIRST) forecasts up to z = 3
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Results

Minimal DER Quintessence

I Current B Current A EEl Current Il Current
Future i\ Future ) ~em - FUtUre : weme - FUtUrE
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Dark Energy Radiation
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A . .
Tager < 0.84 (—) meV Detecting a cosmic axion background

g Dror, Murayama, Rodd Phys. Rev. D 103, 115004 (2021)
*

* Dark Matter axion experiments have

dﬂ(p 1 (U3 sensitivity to relativistic axion background
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Detecting a cosmic axion background
Dror, Murayama, Rodd Phys. Rev. D 103, 115004 (2021)

* Dark Matter axion experiments have
sensitivity to relativistic axion background
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Direct Detection Prospects for Neutrinos

Dark Energy Radiation can thermalize a relativistic Standard Model neutrino

L GHY*at vg —y hv vg — smvgvg + h.c.

B f‘VR 2

VL

SM
sterile neutrino
VR

neutrino
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Direct Detection Prospects for Neutrinos

Dark Energy Radiation can thermalize a relativistic Standard Model neutrino

f—Gg.\,zpaanR —y hv;vp — EmﬁRvﬁ + h.c. g — 021 = 102'em™>
VR

T, o = 1.95K (0.15 meV)

VL

ng = 0.2 Ti = 10%cm™

Tyer = 7.9 K (0.61 meV)

more relativistic neutrinos!

sterile neutrino
neutrino

§ SM Two orders of magnitude
Ve
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Detecting Relic Neutrinos with Ptolemy

Miightest = 10 meV Neutrino capture with tritium
A=10 meV

Ve + *H - *He +e”
Beta decay

°H - 3He+e"+17€

200 -100 0 Ptolemy predicted to see ~ 4 events with
Ee— Eeng.o [meV] 100 g/yr detector

Ptolemy collaboration JCAP 07 (2019) 047
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