Resolving the Cosmic X-ray Background

Ryan C. Hickox - ' " o | e, W
DARTMOUTH - '

Memorial Symposium | g : : | : 9 ™ S
to Honor . |
Riccardo Giacconi . . ;
National Academy of - . ) .
Sciences .
Washington DC
29-30 May 2019

Chandra (7 Ms, Luo et al. 2017)



1960s: Aerobee rocket flights
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FIG. 1. Number of counts versus azimuth angle.
The numbers represent counts accumulated in 350 sec-
onds in each 6° angular interval.

The diffuse character of the observed background
radiation does not permit a positive determination
of its nature and origin. However, the apparent
absorption coefficient in mica and the altitude de-
pendence is consistent with radiation of about the
same wavelength as that responsible for the peak.
Assuming the source lies close to the axis of the
detectors, one obtains the intensity of the x-ray
background as 1.7 photons cm™ sec™ sr™' and of
the secondary maximum (between 102° and 18°)
as 0.6 photon cm ™ sec™. In addition, there
seems to be a hard component to the background
of about 0.5 cm™ sec~' sr~' which does not show
an altitude dependence and which is not eliminated
by the anticoincidence.

o - ' Giacconi et al. (1962)
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1970s: Uhuru
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The resolved fraction of the CXB vs. energy
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1980s: Einstein

F1G. 2.—Distribution of IPC images used in the EMSS in Galactic coordinates
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Resolved fraction
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Soft X—ray logN—logS function
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ARC MINUTES

—:10

P
Y
= o7 1)
2 )
g
p —
~~
/D]
N\
p
z
0
D
o~
N
A\
p—
=
9
10 -
)
©
e
=
10 S 0 -5 -10
ARC MINUTES

150 ks: Giacconi et al. (2001)

10° (a)  0.5-2 keV

—— @® Total 4 Ms CDF-S
— = A AGNs

------ O CGalaxies
- = .y Stars

10*

10°

R ARELLL

10°

1077 107'® 107 107" 107"
S = 0.5-2 keV Flux (ergs em™® s™!)

Lehmer et al. (2012)



ARC MINUTES
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Hickox & Markevitch (2006)

What is the absolute
unresolved background?

Requires careful subtraction

of

counts s

CDF—=N VF
0.5—=7 keV fit
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channel energy (keV)

I L 1 L L 1




Resolved fraction
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A Exclude even optical/IR sources and
directly measure the residual
unresolved signal

Exclusion of HST z band
and IRAC sources

After exclusion of these sources, only
of the 1-2 keV CXB remains.

Best fit model ————
HMO6 best fit
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Significant contribution
from star-forming
galaxies at faint fluxes?
(e.g. Bauer et al. 2004;
Georgakakis et al. 2007,
Lehmer et al. 2012)
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Unresolved soft sources consistent with star-forming galaxies
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Origin of the cosmic X-ray background

Hard spectrum of
the CXB, with
peak at ~30 keV,
requires a
combination of

and

AGN
(e.g., Gilli, Comastri &
Hasinger 2007;
Treister et al. 2009;
Ballantyne et al. 2011;
Ueda et al. 2014,
Ananna et al. 2018)
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Resolved fraction
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— @ NuSTAR
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The Future
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HEX-P

HEX-P COSMOS simulation

Typical exposure depth: 60 ks "
Sensitivity (8-24 keV): 3x10-15 erg s'1 cm-2
# detections (8-24 keV): ~1300 -
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Chandra (7 Ms, Luo et al. 2017)
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In conclusion

We’ve just about achieved Riccardo’s vision of resolving
the cosmic X-ray background

In the faint unresolved components, some of the most
exciting secrets are still hiding

One last thought on Riccardo’s legacy

Thanks to NASA, the NSF, and ultimately the U.S. taxpayers for enabling
these remarkable discoveries. Work by the author was supported by NASA
through grants NNX15AP24G, NNX15AU32H, and NNX16AN48G, and the
NSF through CAREER award 1554584.




