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clear Spectroscopic 'elescope /rray

The first hard X-ray focus!ng teléscop'e in orbit

Pl: Fiona Harrison .
Launched'on June, 13 2012

NASA senior review 2014: extension approved for 2+2 years




. N'u.S.TAR characteristics

Focuses X-rays up to 79 keV:*.
FoV: 12.5' x12.5"
- FWHM: 18"
HPD: 58” .
Localization: 2.5” (1)«

XMM-Newton PN

Effective area (cm2)

Impro'vemerits-wrt previous hard X-ray instruments (Swift-BAT, Integral)

Allows to résolve a consistent
-. -fraction of the X-ray
Background (XRB) @ > 10 keV

o Better spatial r-e_solutibn (sub-arcmin) '
* Better sensitivity (> 100x)




' 'X.'r.ay‘Backg‘rc")u'n_d' with NuSTAR

XRB Spectral Energy Density

HEAO~1 A2 HED
HEAO-1 A4 NED

* Insights on the composition of the
_ XRB peak at 20-30 keV by resolving
30-50% of.the Sources through .
. direct detection and stacking

NuSTAR almost not biased by
obscured sources* :
—> Evolution of the active phase
and obscuratiom with redshift 2
; ri . 100
J Gilli, Comastri & Hasinger 2007




I\/Iultl tiered approach
the Weddlng Cake

" ‘e . E-CDF-S: ~200 ks/pointing dver 0.3 deg?
* -EGS: ~200 ks/pointing over 0.18 deg? :
Mullaney eff.al. in prep., Aird et al.-in prep.

. COSMOS ~25 ks/pomtmg over ~2 deg’
C/vano etal. in prep

.+ 100 Swift-BAT AGN fields 2
'« All NUSTAR targeted fields o
/ Alexander et al. 2013, Landsbury et al. in prep.’

>




NuSTAR Su rvey Sensmwty
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Spectral analy5|s

Zappacosta etal. in prep

Samplé selection
— COSMOS+ECDF-S (2 deg?) - : :
— Flux limited sample > F (8-24 keV) >= 710 erg st cm™
— 35 objects (31 from COSMOS + 4 from.ECDF-S)
..— COSMOS objects analyzed so far — ECDF-S ana’Iy5|s is on- gomg

Nustar.o'nly modeling: 3-24 keV. -

Joint broad-band thstar+Char'1dra+,XMI'\/|Amodeling;_0.5-24 keV

Model for Nustar'and broad band unabsorbed fits (N, < 1022 cm™?): -
> absorbed power-law,+ Fe Koo + Compton reflection

Model for broad-band fits for absorbed (N > "‘1022 cm’ 2) sources
Scattered power- law + absorbed power-law + Fe Ko + Compton reflection




' NuSTAR COSMOS survey

1.7 deg? -> same area covered by
"Chandra XVP: (PI F. Clvano) just

completed-
2 observmg perlods 2013 and 2014

3-.2 Ms exposure -
20-30 ks exposure/tile
e+ 121 tiles (11x11 grid with half field
shift) . .
100ks uniform depth on 1.* deg?

-

Givano et al: in prep.
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‘Redéhift distribution

All COSMOS
sources

1 1 | 1 1 1 |
0.5
99% of Swift-BAT sample Redshift




Spectra Iow- . low-z source"

‘Broad band-Nustar+Chandra+XMM

Nustar only Chandra XMM Nustar B

Nustar A Nustar B ' A: 537 cts

u«mm m””“" B: 497 cts

* £ Model A |
N,: <110% cm2 (90%)
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normalized counts s-' keV-!
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‘Broad band-Nustar+Chandra+XMM

"f Model A

Nh: < 7.1 102 cm2 (90%)

T 1794003

A: 152 cts
B: 99 cts |
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Heavily absorbed sources

Chandra XMM Nustar B
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Heavily absorbed sources
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Photon index distribution
- Red: N, >le+22 Blue:: N, <le+22 R

' 1.98+0.32 No difference btw

r,: 1.98+0.39 absorbed and
:1.99+40.23 unabsorbed

unabs”

I

2
Photon index




‘Photon index vs N,

Chandra
\V >1e+23 cm2 9 8%

Nustar: : .
‘N>1e+23cm? > 32%

1 . 2 . 3
I

| Grey objects are Chandra from Lanzuisi et al. 2013




‘Photon index vs N;,

Swift-BAT: -
N,>1le+23 cm2—>-30%

Nustar: : .
il N, >1e+23,cm2 > 32%

| | | | | | | | | | | | | | | | | | | |
1 : 2 . 3
r

' Grey objects are SWIFT-BAT from Burldn et aI._201-1




Colum.n'dehsifcy'dist.rib'ution

Upper limits

1021 1022 1023 1024 1025
Ny [em~2]

* Ny>le+23 cm? = 10/31=32%
* Ny<le+23 cm?=» 21/31=68% -




The Compton thick source (z=0.044).

NustarA
" Nustar: 232 net counts
N,=1.8*06 , X 102 cm-2 ]
F=2.O+°'7_0_2 1

I_‘sc=2'2+0‘8-0.6 .
EW(FeKa) ~ 800 eV 3




Lum|n05|ty VS. absorptlon

Labels are redshifts
T IIIIIII| T T T TTTTIT I T TTTTT T T T TTTTIT

Fraction of obscured
0.043 AGNs decreases

: with luminosity
(Lawrence & Elvis 1982,
Treister & Urry 2006, Brusa
etal 2010)

Median Iuminbsity
For absorbed
1.4X10%ergs?

Lack of

objects Median luminosity

for unabsorbed
2.8x10%ergs?

019 | IIIIIII| | IIIIIII| | IIIIIII| | 1 111111

1 042 1 043 1 044 1 045 1 046
Unabsorbed Luminosity [10—40 keV]




Fraction of absorbed AGNs

NuSTAR 7
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Fraction of absorbed AGNs

NuSTAR 7

o
oe)

The fraction of absorbed
AGNSs increases with z.
(e.g. La Franca et al.2005)
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Lum|n05|ty VS. absorptlon

Labels are redshifts

Median Iuminbsity
for absorbed

1.4X10%ergs?

1019

ooty 2>0.4 absorbed AGNs
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Unabsorbed Luminosity [10—40 keV]
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Median luminosity
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Labels are redshifts

' 'Lumindsity vs. absorption

Median Iuminbsity
for absorbed

1.9X10%ergs?
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Median luminosity
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Labels are redshifts
T IIIIIII| T T T TTTTT IIIIIII| T T T TTTTT

ECDFS sources_é

Luminosity vs. absorption

0.043
042* 0.21* o21g

o.m%
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1 042 1 043 1 044 1 045 1 046
Unabsorbed Luminosity [10-40 keV
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Conclusmns

Bright hard (8 24 keV) X-ray seIected samplein COSIVIOS+ECDFS
(the most S|gn|ﬁcantly detected sOurces)

'Sample of 35 non IocaI (z>O 1)-AGNs

Ongomg broad band (O Y keV) spectral anaIyS|s for the (XI\/IM- .
" Chandra- Nustat) ;s Tiss- Vs | .

| Characterlzatlon of the spectral properties:
I ~2+/ 0.3:77 . ' . S
Ng: so far30% of hlghly obscured sources (1 of which Compton Thick)
R: mean value ~2-3 with large scatter+(consistency with SWIFT-BAT)

Slight tendency for AGN absorbed fractlon decrease with Ly (probably the
redshift dependence is somewhat maskmg this trend) "




