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The Future of X-ray Surveys

First SMBHSs, galaxy/AGN co-evolution, feedback
mechanisms, cosmic cycle of baryons, structure
formation, precision cosmology - all require:

High sensitivity

Wide / Y Good angular

survey area ¢ ‘. resolution

Can be done with a specific X-ray optical design
and modest technological development, ready
to be done now
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Beyond eROSITA - WFEXT

¥ ~CHANDRA
HIGHLY ELLIPTICAL
ORBIT RANGES
EARTH  ppom 9,942 MILES

. (16,000 kM)

TO 82,646 MILES
| (133,000 KM)
~ ABC ARTH

e

® Three co-aligned 5”
HEW, 1 degree FoV
telescopes, with CCD
camera

® _10x Chandra
effective area
@ 1 keV

Chandra-like HEO
64 hr period
Large field of regard
Long observations

Robust multiple

Low Earth Orbit
telescope/detector system 550 km @ 6°

Low Background
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WEXT “SDSS” for X-rays

(Wide), Medium and Deep Surveys

\ | Dramatic advance over

e Ralf Energy Width @ existing/planned

missions in combined

solid angle/sensitivity

Proven large discovery
space

Two (three) surveys
*(Wide 15,000 deg?)
* Medium 3000 deg?
*Deep 100 deg?, 800
times CDFs

GO Program
*40% Observing time
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WEXT Surveys

WFXT Deep Survey = 100 sq deg
~800 times solid angle equivalent
of Chandra Deep Fields

Q (deg?) 100 3,000
Exposure 400 ksec 13 ksec
Total Time 1.5yr 1.5 yr
Smin(O.S-?lkeV_)zpomt-hke 4.0x10°17 4541016
ergs-cm+~at30
Total AGN Detected ~4.7x10° ~4.4x10°
Smin(O.S-?lkeV_)zextended 1%10-16 1x10°15
ergs-cm+~at5o
Total Clusters/Groups ~3x10% ~2x10°

*- - Medium "
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Improve sensitivity for point and extended sources, AGN/cluster/group discernment
at any redshift

Minimize source confusion, especially confusion free Deep survey

Efficient identification of optical counterparts, Chandra-like id accuracy (<1” radius
error circle, >90% right IDs), essential for 5x10° AGN and 2 X 10 clusters!

Detect sharp features of the ICM (shocks, cold fronts, cavities)

Resolve cool cores of z>1 clusters (essential for cosmological applications, reliable
mass proxy)

ROSAT Lockman Hole survey (25" vs 5” resolution) (Lehmann et al. 2001)
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WEXT Telescope Design
Key to Wide Field Surveys

vignettng

Resolution

Li=axis argle { anom
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Figure of Merit: Discovery Speed
M = (FoV) x (Aeff)/(HEW)? cm?

Speed in carrying out large
sensitive surveys and identifying
distinct sources.

Cumulative field of view available at a
given angular resolution (HEW) as a
function of HEW for five missions.
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Insert shows the figure of merit for survey discovery speed
(Grasp/HEW?). WFXT is about 100 times better than any past
or planned X-ray mission.
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Simulation: one medium survey “tile”

Chandra COSMOS- 1.8 Msec (1 sq deg) WEXT - 20 Ksec
Elvis 2009 Rosati and Tozzi S Sy
s . R, i__————— with >400 counts _— Tra .n
, AlIAGN M Log(Ny)>23 [ C-thick z>1 AGN 256 RN
7 Log (Number of AGN) T a o TN
pLiadl S0 107 107 10t 100 qpc SNSRI
LY 3 * —— « I __rr.' I " . e e -
" o7
i - - Bands (keV)
o | ]
~500,000 AGN with >400 cts, with full {;8—%

spectral characterization (obscuration, z, etc.

WEXT simulation: Same sources as Chandra
5 arc second HEW, not confusion limited

~90 x faster surveys than Chandra
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High Redshift QSOs

Unobscured AGN at z=z6
L(2-10 keV) = 6x10% erg/s

X-=ray
optical
CDFS-202, z=3.700 NIR

radio
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channel energy (keV) N>100 N>1000
® Simulated 400 ksec spectrum of highly obscured, high 1000
redshift AGN Area [deg?]

® Ny :1024, F:182, EWiine =1 keV.

® 530 counts total

® Strong iron line and allows an accurate redshift
determination from the X-ray data alone.

® WFXT detects close to 1000 unobscured z>6 QSO’ s with more
than 400 cts, similar number obscured

® Pessimistic case assumes an exponential decline towards high-z
in the space density of AGN at all luminosities.

® Synergistic: Euclid and LSST identify the WFXT sources, WFXT
picks out the AGN (especially high-z, obscured)
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WEXT is the only X-ray mission that will match, in area and sensitivity,
the next generation of wide-area O/IR and radio surveys

=6 Q301, loglx=44.3

6 Q502 logLx—45.5 sl — z=6 Medium Survey QSO
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Euclid -wide

WFXT-medium
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Source identification (near IR)

Euclid DS 50 deg?

Euclid, 20000 deg?

VISTA/Viking,
20000 deg?

VISTA/VHS,
20000 deg?

K—band magnitude
4
=

@ C-COSMOS
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F(0.5-2 keV)
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AGN Clustering

Correlation function <=> halo mass

Atz ~ 0.5, relation between Mnaio and Eddington ratio WEXT X-RAY SURVEYS can

(Hickox et al. 200%) q nswer".

1. Do “typical” (ie. X-ray selected)
AGN represent just a slow,
stochastic decay from the QSO

1000F Al AGNSs Radio

.‘-'i-m;.: * I Cll'e IOW'
. 3 Eddington, strongly
clustered (bacn =2.0+0.2)

=100

X-ray AGN are phase?
moderate Eddington, If so, expect some dependence of bias with
clustered like normal luminosity, but (possibly) relatively weak merger
galaxies (bacn = 1.4 0.2) signql compared to quasars (e.g.

Hopkins et al.)
Infrared AGN are high- 2. OR do X-ray AGN have their

Eddington, weakly

clustered (bacn = 1.0+0.2) own triggers, e.g. secular

accretion of cold gas (e.g. disk
instabilities), through cooling from

S LU halo, minor interactions etc..

0 ==> WFXT If so, might expect weak dependence of bias
with luminosity, but might expect small-scale
signal if fueled by interactions
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AGN Clustering

Correlation function <=> halo mass & interactions

/'
N

Clustering on large scales tells us HALO
MASS:

How is the growth of black holes related
to the growth of large-scale structure?
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AGN Clustering

Correlation function <=> halo mass & interactions

All AGNs
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Clustering on small scales tells us MERGERS
AND INTERACTIONS

Theoretical make different predictions for AGN
clustering but differences can be small

we need much better statistics: WFXT
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7=1.6 |

L d

- "WFXT simusation: 20 kéec:, -

Cluster counts (edium + Deep Surveys)

B Neet(z>0.5) [ Noor(z>1) Nr(z>0.5) Bl Nr.pror(2>0.5) ia
Log (Number of Clusters)
0 10 102 103 104 10° 10°

I >3,000 clusters at z>0.5, from which 2 can be |
be measured from Fe line

L
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Not just a cluster counting machine

Cluster Surveys

Characterize ICM

properties and measure Detected clusters:

: ~200,000 total
mass proxies for K
thousands of clusters at 2>0.5: ~125,000
z>1. z>1: ~50,000

Trace the epoch of

entropy injection and Directly measured z and kT:

metal enrichment of the >~5000 total
ICM. . z>1: ~2,000
Study the intense T profiles and abundances
dynamics of proto-cluster 250 5: ~500

assembly at z~2.
Multi-A synergies: a vast

scientific legacy for
decades to come X @t
Path finder for follow-up ’
studies with ELTs,

ALMA, SMART-X, ... *WFXT forecast based evolution of
the cluster abundance and the space|
distribution of 5000 clusters

. . . o Clusters "'Ia
Redshifts and mass proxies are 2 @010)

derived from the WFXT alone

*wo and {)pe are measured with 6%
and 1% accuracy (68% c.l.), when a
flat Universe is assumed.
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Mission Implementation

Telescope Detector Module (TDM)

e Three modules approximately co-aligned

e Telescope, detector, aspect system, bench

o oo e Photon-counting, post-facto image reconstruction
Wide Fied of View e Chandra/Suzaku CCDs available

Optical Bench/Enclosure

Spider
Quantu

Focal Plane Detector
CCD array

Radiator

e 55 fused silica shells/module

e 2-3 mm thick, 0.36-1.10 m diameter
¢ (0.220-0.408 m long

* 300 kg/module (with structure)
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Mission Implementation

Telescope Detector Module (TDM)

e Three modules approximately co-aligned
X-ray Telnscope e Telescope, detector, aspect system, bench
Wide Fiid of View e Photon-counting, post-facto image reconstruction
e Chandra/Suzaku CCDs available

Optical Bench/Enclosure o o . .
Pabile 2 WEXT Massikine Perfarsnance Hepairernen s

Paressar Hequiremment T

F . rils [ Y— =y - ]
Ares |1 ke v El et = 1 ED o=

Focal Plane Detector N oo 1 Lel™s TR et T ey
GED arrmy hres |4 keV . s El -t | 4 AT ey
:.'EI I :._' '|_'EI s LT ' | L
Radiator

Foxel Sixe . - |
Erergy Dand | 0.2-4 keV
Erwerpy Hassalualion . _II = L

Ti=nee Fom=asl Lo = minsln

“I The WFXT ~1.7 m* nren meets that recained in aar

carlier AstroX L0 mssan coneept, bur 8 <271 of the gonl

PAN=X (1 shell)
¥ ¥ X

i —

—
P e e N

= N _;-;;:?': e Mirror development well underway: 10"

Half Energy Width (arcsec)

~ " Mirror design

HEW already achieved
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Wide Field Telescope Design

Item Value Comment
Number of Shells 55[Nested fused silica
Focal Length 55m
Diameter 0.36-1.10 m
Length 0.220 - 0.408 m|inner shells shorter
Thickness 1.7-3.0 mm{|inner shells thinner
\WERS 300 kg|includes structure
Area 2,250 cm?|@ 1 keV
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Telescope Process

Manufacturing Process

Ravw grinding. Starting from a raw Fused 5Silica glass tube, first
prinding aperations are performed te obtain a dooble cone profile at
the required thickness of a few millimeters.

Onut-0Of-Roundness Metrology. The shell is charactenized in terms of Cut-
Of-FRoundness ermors, supporting it ontoe an astatic support jig.

Temporary stiffening. The shell is integrated into a special “Shell Suppon
Struwcture”, a switable jig strecture able 1o allow the rachining
and all the necessary operations before the assembling of the shell inte the
fimal structure.

Fine prinding. An Cut-of-Roundness correction is obtained by means of a
fine grinding process. These operations are performed using a high
precision lathe and with a proper metrology system mounted on the
machine.

Polishing. The polishing process is performed by CNC polishing systems,
contralled o T-axis, that vse o patented tool to p & distribwted
pressure and varighle arca head for the polishing of aspk and complex
forms. The tool weed for palishing is aleo called “Bonnet™ and it is given by
a spinning, inflated, membrane-toa] compressed against the surface of the
mirrar.

[}
&
L
[=
=
=L
=
I

Superpolishing. A superpolishing process is performed by means of a pitch
tenl mounted onto the Feeko CNC machine, in order to remove the
remaining mid-frequencies crmors left by the Bonnet polishing and o
achieve the required micro-rooghness.

10 15 20
Difaxis angle [arcmin)

X-ray Test at Panter - Dec 12, 2011
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X-ray Testing at MPE Panter

_‘ Profotype in Panter Chamber

i)

Ring Focus (200 mm out of focus)
3. - Round shell shows that the
7. support mount works

e

o
— "-.,I
-d_ . gl
_— L
Measured and simulated HEVW
Ray-fracing resulls
based on metrology data
el iltar 2rriem
wl iltar 1mm
10 W Teo
u % Panter Meas, 0.53KaV

O n -ax| S @ O . 28 keV Oiffaxis angle [arcmin]

Metrology predicts X-ray performance



Spacecraft and Launch

WEXT
o~ INSTRUMENT
- SUITE

®System requirements are all well within
current capabilities.

®WFEXT is an order of magnitude less
demanding than Chandra for attitude
control and knowledge.

® Margins on mass (~30%) and power
(¥80%) are large

Payload fits within the standard
Atlas V fairing and is also
compatible with Falcon 9

temn | \ESS (kg) | Power (W)
includes contingency | includes contingency

S/C Bus - dry 1010 453

Science Payload 1638 663

Flight System - dry 2648 1116
Propellant 49

Flight System - launch 2697 1116

Capacity 3500 2000

Margin 30% 79%
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Mass and Power

Table 4: Mass and Power Budget - Current best estimates (CBE] and contingency [Cont] are Dsted by
subeyatern. Margins of 30% for mass and 79% for power are in addition to contingencies of 26% and 227%.

Teren S Hubrvsiean i BT Horwear

GO Txg] | Tt (9% | Totel (kg) | TN Cant, (9] | Total (W]
Siractures & SMechosiisres . TR an | WHE
Electrical Fower & Distribation | 1B | a2 | 1t |
Command & Dota Hleedling bl ¥ hlr
[elev o i 1 i
[bermanl Contral ' an | a5 | B
Arsilacs DMstarminnticn & Contral | L | L | TS
Favlinad Acapsor . . . 120
Frrogml=an - dry . a5 | . ri

S5O Huaw - adry Total 1 D1k

[olescope & SiTectune _ _ an | 1171

Cpacel Bench | FH | 20 _ 27h

OIS Carmwrn ol Eerb-anins 5 430 e

Biar Tracker )/ Fidecisl Lights . . . 6 |

Rolence Pavlond Totnrl ) plIHE

Flight System - dry _ _ Hi | +JITCH

Prapellant . . . g5

Flight Svstem - Inunch BT

ELY Capacity Lo Orkit D ALlas W o431 | AE00 | BOL Obsorwatory Power |
Almus Margin (kgt . . k3 | Powaer Blurgin [V ) .
Mans Morgln {55] My | Power Maorgin (50

WEXT design is mature and includes large contingency.
With an assumed Atlas V launch the margins are quite large
A less expensive, but more capable Falcon 9 would provide even larger margin
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Cost and Schedule

Tahle b: Botroms Up Cost Estimmarte 37784 [ FY 12 dollarz) inchuding GO program and reserves, and exchisive

of launch services [estimated range 590 L5 ]

o Al A . b e 1 B N U Heienes | e . fxroaastd T | By | Mission | Hemarrvps! 21 [ Tatal

RISIE _ Pre-launch Inscr _ ERNES _ Svsoem LEQOF _ _ s

™ | a5 | t40 | ) =5 | 0 | Tl T

| 3050 reserven Phase A B O =S1068, A0S rmsersves Pha=e B =5130M (emclosive of (G0 prants]

WFXT MISSION PRICE

ATTUM STOHM

Cost validated by a - s
model based - QuickCost
independent cost
estimate at 70%

confidence Mission schedule:

Instrumeamnt Bus Rn_r:‘aé;ing Subtotal Reserves TOTAL 66 months to |aunch
Elemenis 0
60 month operations

FM1.2 Dl SiC Dal FM 3 Dal

y Telessops EM | r T
Phase A Phase B Phase G/D Phase E

18 months 18 months 30 months 60 months
i i i b

PLUH coR
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WEFXT: The Ultimate X-Ray Survey

..._i_l'-l-:l-' r.‘..-l_l
® WFXT addresses New WOrId New Horizoms scrence objectives
R P
What happens cfpse to a*black ho]e (séconds to- days) ?
*x. i
Growth and evolutwn ofsuper-n;._asswe blaek holes* (z>6)

Form'a'tlan/evolutlon of clus’gerls (D‘F ga{axresarrd tqsmology (z>1.5)

Grow’ch of; Large Scale S‘tru.cture and the -Cosmlc Web
® WFXTis techmgally ready to stairt and IaUnch |n 5:5 y.ears
® |large mas.{and pO\iver m-argms aboVe stréhdard conhngeﬁues

® TRL>=6, ekce@t f‘or'tel.eseope"currently at TRL= 4 development already in
place to achlev.e TRL & ky the end of Phase A

® \WFXTisa moderate Sl mrsmolﬁ R ¥

® (Cost<S1B (US FY12)~ mglu,gllng 30% reserv,es Iaunch operations and a
funded GO program™ P

® validated by mdepe‘ndeh;l!"cost estimate S779M + launch (S90-180M)

‘_l:
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CST Questions

® Can WFXT address “What happens close to a black hole” using Fe-L line
measurements?

Besides stacking analyses, WFXT will have the power to perform X-ray reverberation
mapping for single AGN using the Fe-L line as done by XMM for 1H0707-495 (Fabian et
al. 2009, Zoghbi et al. 2011). The XMM measurements just required CCD resolution and
photon statistics of a few hundred thousands photons, well within reach of WFXT for
bright sources. As an example, a 100ks WFXT observation of 1H0707-495 would
produce>1x10’ counts and excellent mapping of the Fe-L line at ~0.9 keV rest frame.



®  For how many AGN in the survey will WFXT be able to directly measure masses and spins
from the X-ray spectrum?

Detection of Fe-L line in AGN is relatively rare, while Fe-K line at ~6.4 keV appears to be a more
common feature. The Fe-K line will fall within the WFXT goal bandpass at z> 0.1. By requiring a
photon statistics of 1x10° photons to measure the line profile and line-continuum time

delays (as typical of such studies with Chandra and XMM), one would expect to measure both
BH spin and mass for a few (~5) AGN in the WFXT deep survey. However, the WFXT surveys
will tend to avoid regions with bright sources. Instead, if 10Ms (i.e. about half-year at 0.7
efficiency) are dedicated to observations of bright AGN in the GO phase, this will allow
measurement of spin and BH mass for up to ~100 unobscured AGN with more than 1x10° net
counts each, (i.e. 100 unobscured AGN with fsf > 4x1071? erg/cm2/s observed for 100ks each).
Note: the exact number depends on the distribution of BH masses - hence of spectral time
lags.

As far as variability to sample what happens close to the central BH, lags between different
energy bands have been observed by XMM (Fabian et al 2009, Zoghbi et al 2010, 2011, Miller
et al. 2010), so WFXT will do better in terms of photon statistics sampling more AGNs (the
timescales are hundreds to thousand of seconds). Measurements of lags in the X-ray spectra
themselves are limited today to only a few objects (3-5), and WFXT will allow access to tens to
hundreds of AGNs with similar statistics, but the precise number depend on the time spent in
long observing campaigns on each target (>200 ks each). Looking at variability lags between
narrow X-ray bands, in principle, probes the structure of the accretion disk. If detected they
may constrain the size and geometry of the "hotspots"”. However, since WEXT is not efficient in
hard X-rays, the improvement space wrt XMM is limited, as the reflected component needs to
be a significant part of the spectrum to do such studies (and only for very nearby AGNs, so
redshift won't help).



® How will the 1200-9000 z>6 AGN be identified? By WFXT itself from Fe K lines, or in followup
surveys? If the space density of z>6 AGN is uncertain by a factor of >20, how can the
expected number of AGN be limited to a range of < 10x?

The Fe-K line will be used, as we applied a 400 ct threshold for determining the number of AGN.
We wrote that we expect "about 1200-9000 objects" at z>6, and later on we wrote that "the space
density of such z>6 AGNs is uncertain by at least a factor of 20". This is because the discrepancy
between model expectations increases towards low-luminosities/faint-fluxes. When computing
the total number of objects expected by WFXT according to different models, we are also
(obviously) counting AGN at high-luminosities/high-fluxes, where we know how things go.
Therefore, the uncertainty on the total number of objects at z>6 has to include all
luminosities/fluxes, and is therefore smaller than the uncertainty on low-luminosity/low-flux AGN.

How many clusters, at which redshifts, will WEXT be able to measure as mass proxies?

We expect to detect ~5000 clusters at z>0,5 for which we can determine from the X-ray data alone
the temperature and redshift with enough accuracy to be useful as mass proxies, and for
cosmology. of these , about 3000 will be in the 0.5 - 1.0 redshift range, and 2000 will be at z>1.0.
This sample is ~50 times the present ROSAT survey cluster sample - for which Chandra and/or
XMM follow up was used to get the high quality X-ray data needed.

Regarding cluster cosmology, what will be the advance of WFXT over eROSITA, especially in

regards to the DE measurements (e.g. Figure 5)?

See the predictions from eROSITA, but see the presenttions from the eROSITA 2011 Conference:
H. Boehringer: "Prospects for eROSITA Galaxy Cluster Research"

A. Pillepich: "The X-ray cluster survey with eROSITA: predictions for cosmology, cluster physics, and
primordial non-Gaussianity"



http://www.mpe.mpg.de/erosita/erosita2011/program/PDF/boehringer.pdf
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