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What Heated Up the IGM?
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= Quasars Black hole binaries
Open Questions: Possible Sources:
A Nature of heating sources A X-ray binaries
A Spectral energy A Mini-quasars
distribution (SED) A Thermal emission from
A Efficiency galaxies
A Time dependence A Shocks
A X-ray absorption A Dark matter annihilation
A Effects of metallicity A Etc.
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X-ray binarres

http://scitechdaily.com/
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X-ray SED and Luminosity of Sources

A Mini-quasars:

A High-z black holes 102-10% M,

A Internal feedback model (Wyithe
& Loeb 2003) M., ¥ M.

A Luminosity weighted by mass

A Soft (ISM): power law with
slope Uand low-freq. cutoff

A Hard (X-ray binaries Fragos et

al. 2013)
A Luminosity scales with SFR
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Were First X-ray Sources Soft or Hard?
Soft

Mean free
& pass
Details of SED are crucial!
If hard X-rays
A Mean free pass is longer

A Heat and ionize the gas far from the source

A Fluctuations in gas temperature are washed out at
scales below the mfp

A Delayed heating (energy redshifts away)
Fialkov, 03.09.2016, Aspen



Gas Temperature

v [MHZ]
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Atomic cooling
f, =30
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Gas can be rather cold during EoR!
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Nature of X-ré rom the
21-cm Sic Predicted Global
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Hard vs Soft X-rays: Heating Peak

Soft X-rays Hard X-rays
Almost uniform heating

k =1Mpct

k =0.5 Mpct

k =0.3 Mpct

k =0.1 Mpct

k =0.05 Mpct

k=0.03 Mpc?
20

1+z

Fialkov & Barkana (2014)

Fialkov, 03.09.2016, Aspen



Limits on X-ray Efficiency of Sources, fy
Upper Limit (fy ~ 151 450) from unresolved X-ray background

(~ 12%, Lehmer et al. 2012).
Lower Limit (f, ~ 0.001-0.01) from 21-cm power

(Ali et al. 2015, Pober et al. 2015). Pober et al. 2016
Talk by J. Dillon
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Limits on fy

Uncertaint

In the Global

Atomic, Late EoR

v [MHZ]

71.4 47.6

35.7

(dashed)
- 131 mK
- 170 mK
- 203 mK
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CXRB
(solid)

- 37 mK
- 93 mK
- 136 mK

PAPER (dotted): f, ~ 0.01, -240 mK
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Limits on fy
Uncertainty in the PS

Atomic, Late EoR
v [MHZz]
1429 71.4

Pober et al. 2015

Fialkov et al. 2016

20 30 Fialkov,
03.09.2016, Aspen




Effect of X-rays on EoR:

_— o Fialkov & Barkana (2014
Partial ionization by X-rays: Increases U 1)

o U= 14% (soft), gp U= 2% (XRBS),

p &= 1% (MQ)

Reionization is smoother

Fluctuations in the 21-cm are suppressed
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May be Challenging to Reconstruct X

from 21-cm

If thermal effects can be
ignored, we expect to fully
recover X, from the global

21-cm signal

Fialkov & Loeb 2016
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