CMB Spectral Distortions: Energy Release Versus
Photon Injection
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COBE / FlRAS (Far InfraRed Absolute Spectrophotometer)
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PIXIE: Primordial Inflation Explorer
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Physical mechanisms that lead to spectral distortions

Cooling by adiabatically expanding ordinary matter

(JC, 2005; JC & Sunyaev 2011; Khatri, Sunyaev & JC, 2011)

Heating by decaying or annihilating relic particles

(Kawasaki et al., 1987; Hu & Silk, 1993; McDonald et al., 2001; JC, 2005; JC & Sunyaeyv, 2011; JC, 2013; JC & Jeong, 2013)

Evaporation of primordial black holes & superconducting strings

(Carr et al. 2010; Ostriker & Thompson, 1987; Tashiro et al. 2012; Pani & Loeb, 2013)

Dissipation of primordial acoustic modes & magnetic fields

(Sunyaev & Zeldovich, 1970; Daly 1991; Hu et al. 1994; JC & Sunyaev, 2011; JC et al. 2012 - Jedamzik et al. 2000; Kunze & Komatsu, 2013) #

Cosmological recombination radiation

(Zeldovich et al., 1968; Peebles, 1968; Dubrovich, 1977; Rubino-Martin et al., 2006; JC & Sunyaev, 2006; Sunyaev & JC, 2009)

pre-recombination epoch

,nigh“ redshifts

Jow“ redshifts

Signatures due to first supernovae and their remnants

(Oh, Cooray & Kamionkowski, 2003)

Shock waves arising due to large-scale structure formation /

(Sunyaev & Zeldovich, 1972; Cen & Ostriker, 1999)

post-recombination

SZ-effect from clusters; effects of reionization

(Refregier et al., 2003; Zhang et al. 2004; Trac et al. 2008)

more exotic processes

(Lochan et al. 2012; Bull & Kamionkowski, 2013; Brax et al., 2013; Tashiro et al. 2013)
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New detailed and fast computation!
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CosmoSpec: fast and accurate computation of the CRR
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* Like in old days of CMB anisotropies!
* detailed forecasts and feasibility studies

* non-standard physics (variation of q,
energy injection etc.)

CosmoSpec will be available here:

JC & Ali-Haimoud, arXiv:1510.03877


http://www.Chluba.de/CosmoSpec

CosmoSpec: fast and accurate computation of the CRR
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Comparison of energy release and photon injection

Energy release scenario:
Medium is heated (or cooled)
Enerqgy transfer to photons via Compton scattering

Photon number remains unchanged by the energy release process

1A JAN
Low redshift: Y~ Py High redshift: uw~14 £
4 py Py
Photon injection scenario:
| - 201 0370 2
Photons directly added to photon field p- -~ ‘N,
Means both energy injection and addition of photons
Medium is affected by Compton scattering (heating/cooling)
AVA'S
Low redshift: rich spectral shape High redshift: p~ 0.52 [z; — 3.60] N
y

Net u-distortion can vanish or be negative!




Photon injection in the u-era

Approximation for z. =2 X 10°
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Photon injection in the u-era

Approximation for z. = 2 X 10°
z=2x10"

>—
Z.
~~
>_
=z
<
=
—
T
N
N~
o
=.

¥ % *k ¥x ¥ ¥ % ¥ % * % 3k %

JC 2015, ArXiv:1506.06582



Photon injection in the u-era
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Photon injection in the u-era

Approximation for z. = 2 X 10°
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Photon injection in the u-era

Approximation for z. = 2 X 10°
Improved approximation for z. =2 X 10°
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Different regimes for photon injection
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Different regimes for photon injection
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Different regimes for photon injection
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Regime with very few scatterings
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Regime with very few scatterings
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