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Chandra X-ray observatory (CXO)

)

X-ray component of NASA‘s four Great
Observatories: Hubble telescope, Compton Gamma-
ray observatory, Space Infrared Telescope Facility

 operated by the NASA
Space flight center

* high elliptical orbit




Instruments onboard of Chandra

o focal length: 10 m, largest diameter: 1.2 m

* nested set of four parabolic/hyperbolic grazing-incidence
X-ray mirror pair (Wolter-A type)

 PSF FWHM ~0.5 arcsec, FOV ~ 30 arcmin (ghostfree)

» Advanced CCD Imaging Spectrometer (ACIS)
e High Resolution Camera (HRC)
 Low/High Energy Transmission Grating (LETG/HETG)




Properties of the Chandra instruments

( PI: Garmire, Penn State) (Pl: S.S Murray, CFA)

* two CCD arrays with 4/6 * two micro channel plate imaging

chips (ACIS-1/S), 10242 pixel detector (30 x 30 arcmin)

e« ACIS-I: 16.9 x 16.9 arcmin e energy range: 0.08-10 keV

e ACIS-S: 8.3 x 50.6 arcmin e angular resolution: 0.5 arcsec

e energy range: 0.4-6/7 keV e Similar to ROSAT"s HRI
(MPE/Netherlands) (P1: Canizeres, MIT)

* operated with HRC-S * operated with ACIS-S

e energy range: 0.08-0.2 keV e energy range: 0.4-10 keV

e high resolution soft X-ray * high spectral resolution:

spectroscopy E/? E~1000




The XMM-Newton observatory

* three Wolter-A type X-ray
telescopes with different
B detectors
N+ 30cm optical/lUV telescope
\ e sSimultaneous operation
of all telescopes

e launched In December 1999




Instruments onboard of XMM-Newton

e 3 CCD cameras for imaging and moderate-resolution
spectroscopy: 2 X MOS, PN (0.15-12/15 keV)
eAngular resolution ~5/6 arcsec, FOV ~ 30 arcmin

 Soft X-ray spectroscopy (0.35-2.5 keV, E/AE ~ 200-800)

 Optical iImaging in the 160 to 600 nm bands




XMM light path (with gratings

High Dispersion Reflection Grating Plate

X=ray aiffracted
to CCD 5Strip
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Gold Reflecting Surface
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Effective area
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Comparison

Faintes sources: 3e-16 erg/cm”"2/s 3e-17 erglcm”2/s (2 Msec)
Confusion limit reached within: ~200 ksec ~ 10 Msec observation
Angular resolution:  ~5-6 arcsec ~0.5/ 1 arcsec

Energy response: highest no response above 7 keV

Particle background: medium effected less effected







X-ray jet from PKS 1127-145

PKS 1127-145

i = knots

- //
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Siemiginowska et al.

* enormous jet extends over 1 million light year from the quasar

e high energy beam produced by the collision of high energy electrons
with microwave photons

* explosive activity related to gas swirling around a supermassive BH




X-ray jets

‘ 3C 273 ~ Pictor

radio galaxy

e image of the area between the ~ * 360000 light years long jet with

core and the beginning of the jet @ hot spot

« velocity very close to the speed  * Shock wave along the head and
of light the side of the jet boosting electrons




Detection of high-z Quasars

SDES 083s6+0054
Z = 5.82

Z = 6.248

SDSS 103040524

5055

1306+0356

Z =5.909

Mathur et al. 2001, Brandt et al. 2001

13 billion light years from
earth

e universe at 7 % of its
present age

e similar power output
and properties as low-z
guasars




Andromeda galaxy (M 31)

S.S. Murray et al. 2001

e central position of
the M 31 galaxy of
our local group

o several X-ray binaries
 a,,cool”“ million

degree X-ray source
In the center




AGN in nearby galaxies

Antenna: Superbubbles, binaries Circinus: Supereddington sources

Pl B
4 |

Intermedium BH mass studies (L,=10%erg/s)
Disentangle starburst from nuclear emission regions




M82 — nearest starburst galaxy

11 million light years
from the earth

e Massive starformation

o Diffuse emission and
a large number of
ultraluminous X-ray
sources




Images of type-2 Quasars

* Hard X-ray images of obscured Quasars,
hidden by gas and dust at other wavelength

Fabian et al. 2001







XMM broad-band spectra of AGN

EPIC—PN

0.01

>
"
M,
L
&
o
i
[ -
-
O
L)
g
]
'E
o
E
|
O
| -

107>

1 2 o
channel energy (keV)

Power-law extrapolation: ~15 % soft excess emission (0.5-2 keV)



Relativistic Iron Line Profiles
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Black hole diagnostics

«Schwarzschid

|+ Hen(Epmnmg}:

ASCA showed iron K-
lines to be often very
broad and redshifted

Relatively few high SNR
profiles

Some doubts have been
raised about data and
Interpretation




XMM-Newton Fe K line profiles
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Narrow Iron Ka line in NGC 5548

Chandra HETG Yaqoob et al. 2001 XMM-Newton EPIC
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Fe K line In a high z quasar

PKS 0537-286 E=(6.15+-0.15) keV

7=3.1

channel er;ergy (keV)
Reeves et al. 2001




LLuminous Quasars — No Fe K lines?

3C 273; Iron Ka Line, PDS 456 Iron Ka Line, EW<12eV




MCG-6-30-15 — spinning BH?

XMM-Newioh.ERIC

1. Kerr Disc line
(Av=100000 km s1)

2. Narrow Fe K line
(Av<4000 km s1)
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Sharp spectral feature at ~7.1 keV
XMM-Ne

0.1

Fe K edge
i
o Mﬁ”

0.01

I

=
i

=

—

I
[
L]

-+
=
3
-
(]

103

—4

|

g
Energy (keV)
1 | 1 1

2.5

10

Energy (kev)

Boller et al. 2002



Complex resonance absorption

IRAS 13349+2438
XMM—Newton/RGS

Sato et al.
2001
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High/low ionization lines: Ne X, Fe XVII-XX, OVIII, NVII/ Fe VII-XII, CV-VI, QVII
Broad absorption feature between 16-17 A (730-770 eV)




Soft X-ray spectroscopy of AGN

XMM-Newton RGS spectrum of NGC 1068

Kinkhabwala et al. 2001
Similar result from Chandra HETG for NGC 3783 Kaspi et al. 2000







Cosmic Energy Density
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Motivation for Deep Surveys

ROSAT All Sky Survey

(N,=5.9 x 101°cm-2)

w . 1.5 Msec HRI/PSPC
e : ':] a “' N
ol e SR
-, PR :
3 Nt ‘4
0.1-2 keV

Hasinger et al. 1998, Lehmann et al. 2001




Deep X-ray Surveys

Survey N/S AXAF XMM ASCA ROSAT HST ISO SIRTF SCUBA RADIO PI

SAX (plan)
CDFS SIN| X X X X X  Giacconi
HDF-N \ X X X X X X X X  Garmire
Lockman N X X X X X X X X X  Hasinger/Murray
Lynx3.A N X X X X X X  Stanford
ELAISN1 N X X X X Almaini
Hawaii 13h N X X X X X X X Mushotzky
UKDS \ X X X X X Mason
CFRS N/S X X X X
SUBARU S/N X Watson
Groth strip N X X X X X Giriffiths
Marano S X X X X X X  Zamorani
SA 57 \ X




XMM-Newton Deep Survey

Lockman Hole

2.0-4.5 keV
45-10 keV ", . oo
p .
T . o 106 sources:
| ". . ': ' " : €
% Y, : 5. & 69 sources: 2.1010>cgs

34 sources: 3.2[110* cgs

: 12 /7 sources not
Hasinger et al., 200% - ‘ detected in the soft band




300 ksec Chandra HRC

300 ksec Chandra ® | ockman Hole —

HRC
¥ %S e " Similar 0.5-2.0
= Y L B T NG keV flux limit
] '-:i H
» _.'f:_i'_,_ fo@ ORE 5_ Extremely
AL e e ' accurate
X @ i postions

XMM sources
Pl. Steve Murray ‘ | § - 0.5-7 keV  overplotted




Hubble Deep Field-North
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Detection of high-z galaxies

Stacked Lyman Break Galaxy Images

Star-formation rates ~ 30-50 solar masses / year +

s with z =2 (-4.0 24 Lyman break gtﬁlnxitﬁ with z =[*.0-4.0
= Full-bhand |stacked image

nfidence detec

22,4 Ms (260

4x10"° erg em- s’

Brandt et al. 2001



Chandra Deep Field South (CDFS)

940 ksec exposure .
ACIS-I 64 arcmin? St il o

S, = 61017 i eSO

. NS Giacconi
S A SO Bergeron
S i s B Gt Borgani
i, s e P A Chen
SR R o Gilli
ST ; o : btk L Gilmozzi
TARY T s ;  Hasinger
_ Lehmann
(e % Kellermann
_ _ : . : + L+ Kewley
A . QN I EAL L S ; Nonino
‘ ' : ¥ ' Norman
Rosati
' | Schreier
1:2 Ky, 2-7 keV. >zokoly
Giacconi et al., 2001 ° Zheng




Soft logN-logS (0.5-2 keV)

ROSAT logN-logS function 0.5-2 keV logN-logS function

XMM |
Chandra |

Giacconi
et al.2001
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Hard logN-logS (2/5-10 keV)
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LH Optical/NIR coverage
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Optical Follow-up

Optical finding chart - Opfgal finding chart
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Finding charts CDF-S




ROSAT —> 60% AGN type
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10% Groups/cluster of galaxies
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AGN model — absorbed AGN (Il
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Absorbed AGN
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Chandra = type-2 Quasars

CXOHDOFN J123635.6+621424 7
z = 2011 7
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Contribution of Galaxies

1 Ms HDF-N Source \
C¥0 HDF-H 1 M=z Fluelualion

Galaxies with Gaussian/Peak-M
binary evelutions (Plak et al. "ON

Miyaji+Griffiths 2001




ROSAT/XMM optical/NIR IDs

Lockman Heole Deep Survey Lockman Hole Deep Survey
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Absorption vs. optical type
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Spectral diagnostic vs. optical type
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Hardness Ratio

XMM and Chandra IDs
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CDFS Redshift Distribution
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Highest-redshift Fe-line

CDFS #202: type-2 QSO L, ~10% erg/s
2=3.705 N, ~102%%cm-2
narrow high-excitation lines Fe-line @ 6.4 keV
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Photometric redshifts
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obj 142 z,= 1.91

K
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Photons/cm* s keV

XMM Absorbed AGN spectra
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X-ray properties

Mainieri




Fraction of type-2 QSOs

~10 % (11 objects) =




AGN Space Density
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High angular resolution images of AGN & galaxies
X-ray diagnostics of supermassive black holes
Detection of new spectral features of AGN

~100 % of the cosmic hard X-ray background resolved

XMM-Newton/Chandra sources — hard, intrinsically
abscured AGN (N,=10%1-24 cm-?), mainly at z<1,but
significant number of type-2 Quasars found







