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Qutline

® Big picture questions
® The global 21-cm background

® X-rays from accreting black holes



Big picture

® When did the first

stars, galaxies, and YEGT Worlds

black holes form? " .New Horizons

in Astronomy and Astro sics

® What were their
properties?

® When was reionization
complete, and what
objects drove it?




Galaxy Formation

Hubble is pushed to the limit to find these galaxies

examples of the 16

redshift z¥7 sources and G a. I aXi e S at Z —~ 7

5 z~8 galaxies we found

WECS R ad the A are |/20 the size
and <|% the mass
s sovpleiont of the Milky Way

#| years from the big bang

Extremely blue

very competitive arena:
three other teams have
reported similar results
at z~7-8

Metal deficient

galaxies in the first 700 million years Garth lllingworth www.firstgalaxies.org gdi@ucolick.org

Image Credit: Garth lllingworth



Black Holes

Mortlock et al. 201 |

® Quasar at z =7.085

® 770 million years after Big Bang

® Powered by black hole 107
times as massive as the sun

® How do such objects
form? How do they grow
so rapidly?



Answers in 21-cm!?
CMB ’ Today

Loeb 2006, Scientific American

* Look at space between galaxies 2 |-cm spin-flip

° M ﬁ
instead of galaxies themselves. transition



0T}, (mK)

50 , ,
50l .
100} U -

_ 0Ty = 0Ty (zu1, Tk, Ja, ---)
150 SN '

The Global Signal

140 MHz 35 MHz 15 MHz 21-cm

10% 102 10°



0T, (mK)

The Global Signal

50!l|

-100

-50

“Dark Ages”

-1504——




0T, (mK)

50

-50

-100

-150

The Global Signal

I I

First stars

30 35

40



0T, (mK)

50

-50

-100

-150

The Global Signal

I I

X-ray heating

25 30

35

40



0T, (mK)

50

-50

-100

-150

The Global Signal

I I I
Reionization

40



0T, (mK)

50

-50

-100

-150

The Global Signal

I I

X-ray heating

25 30

35

40



0T}, (mK)

The Global Sienal

f.=0.1
fx =1
J(.E‘-SIE' :0'1

40



Magnitude of X-ray heating!?

X-ray binaries

~1.2x 10* K fx (f* f“)

0.1 0.2

Furlanetto 2006

Assume: Qg (Z) — fofcoll (Z)

2€4

~ 4
~2x 100K (10—5 0.2 0.1 0.1

fo fX,h n fduty)
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New SMBH Models

SOIIII
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25 Mpc

Ongoing Work
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10 kpc

Ongoing Work

Density



Summary & Future Work

® X-rays from SMBHs potentially significant for 21 -
cm, but could be confused:

§7588 ® Impact of SMBHs in 21-cm fluctuations,
: analytically & with simulations.

xxxxx

~® High-resolution simulations of individual
proto-galaxies.

® Use multi-frequency RT algorithm of Mirocha et
al. 2012 (arxiv:1204.1944, accepted to Ap)).






Black Hole Mass
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Co-evolution?

_Glultekin et al. 2009
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Turning Point C
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Gilfanov et al. 2003

LS8 M. Gilfanov, H.-J. Grimm and R. Sunyaev

Ranalli et al. (2003) independently studied X-ray luminosity ol
normal galaaies using the ASCA and Bey SAX archival dats and
Chandra observalions ol the HDFE-N; they found a ughl correlation
belwe hear Xeray, radio (1.4 GHe) and far-infrared (FIR) Quaes.
They supgestad that the 2-10 keV lumanosaty of nosmal galaxies
can be used ax an SFR indacator and derived the relation

i v
5 x 10%ergs—t-

SFRIMg yr '] = (2
This locmula sprees reasonadly well with that obluned by Grimm
el zl. (2003) for the hig FR regame Jeguaston (11]0 However,
Ranalli el al. (2003) noted that the Lo-SFR relalbion was hinear
in the entire range of the SFRx, including the low-SEFR regime, in
apparent contrmbiclion o the resulls of Grimun et sl (20035,

In this Lelter, we compaere the Grumm et sl | and Ranalli
et sl (2003) samples of the palaxies. We dernonsirate that the X-ray
crnission from the Zow-SFR galaxies inthe Ranalli etal, (2003 ) sam-
ple is likely 1o b salaminated” Dy LMXEBs, which are unrelated
Lo current star formation activity. Aller the ‘“ILMXEB contamination’
ts accounted lor, the y arxl guanti
talively and are consistent with the L3 -5SFR relatbion expecied on
the basis ol the “universal” HMIXEB Zurninosity funcion derived Dy
Crirnrn et al, (2005

<

wer ddata sels agree qualilativel

Z THE SAMPLES

In the lellowing, we denole Ranalli et all
(2003 sarmples as Ramxd G, respoc
are plotied wpether in Fag. 1.

131 &and Grirnmn <1 sl
tvely. The data Irom both samples
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Figure 1. Lx SFR relanoc. All poeses are from Ranalli et al. (2003) a=c
Grimes et al. (20055 are ploctec. The galaxies with the expe 1IMXB
fraction exceeding S0 pzr cere are plotied as upper limits. The chick solic
Lins shores the prediceed relation between the mos: probable values of Ly 2o
the SFRthe shaced arez indicates its &7 p nrinrinsic spread. T straight
dashsc line shows the expectation meas foo Ly, which would be obtainsc
if X.ray lumizossties of many galaxies with similes o
demonstrins the importa=ce of the LMXB contribution at ks SER
HMXB and toeal Juminesitios are plotted far the Malky Way, This Gpure is
# e in aolour = the caline

vemsioe of the journal on Synengy

X-ray Heating

2.1 The local galaxies

The two samples, slthough dillerently construcied, overlap subsian-
tially, with nine galaxies (out of 23 1n cach sample] present in both.
Sarmple B was derived using a more nnporoasly deli
aporithrm. In almost all ceses. the authors ado daflerent das-
tances and dillerent valoes ol the SFR. Grnumm el al, (20035) denived
SFR values by averaging the results ol several independent estinme-
tors nased on UV, FIR, FF,. and radio lux measarements, whereas
Ranalli el sl (2005) used radio lux measarements. The X-ray fluxes
were obtainad from different observations, sometlimes by dilferent
insiruments and are obviously affected by vanabality of the Xoray
ernission from the galaxies. Foc some of the galaaies, the X-ray lu-
rminostly was caleulated by Grimun et al. (20035) a5 a direct sum of
the luminosities of compact sources detected by Chandra.

2 compaeres positions of the galaa present in lhe 3
in the L —-5SFR plane. Nole that the diflference in the adop
distances doos nol have an effect at high vatues ol SFR where the
Lx~SFR relation is linear, bal it might desiroy the comrelalion in the
noo-linear low-SFR regume.

] consiruction

2.2 Hubble Deep Field North

Boith Grimm et al. (200 and Ranalli et al. (2005) used sumilar se-
lechon cnternia, BEach sample conlauns seven sources, of which sax
'nt tn both samples. Sources #185 and #1148 (cccordang 1o
n Brand! et al. 2001) are sbhsent [rom the R and G samples,
respectively. The letter was excluded from scample G because no 1.4-
GHz flux wes detected, with the upper limat of 235 oy (Richards
el al. 199R). The main difference lies in compating the X-ray
fluxes and lurminosities. Grimm ol al. (2003) used 2-8 kel fluxes
frum the Chandra caalogae and K -cormectedd them o a 210 kel
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Figure 2. Comparison of the cata for docal (circles) and HDE N (tnangles)
galaxizs prese=x both in Grimemietal. (2003) and Ranallietal. (2003) samples

bor zack galaxy, 115 posilocs 0 two samples ars oonn. y 2 bhrosen lins,
with the arrow dizected “rom G 1o R, The first segment of each broks=
Linz shows the effect of the difference in the source distance or cosmalogical
parameters: the secoad szgment shoe s the comulative effect of other facwors,
such ax varnability sl differonce 1= the SFR salocs. This figure is inailable

the anline version of the joumal on Sysemney

O 200G RAS.MNHAS 347, LS7T-La0

Local Universe:

Lx dominated by X-ray binarie

O Mk A, Garlkh / wpace-wt
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