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Large Effective Area (~ 2000 cm2)

Good Field of View (~ 800 arcmin2)

Good Angular Resolution

Broad Bandpass (0.3-10 keV)



AGN Generation Rate

300 ks example.

Superb surveying performance 
above 5 x 10-16 erg cm-2 s-1.

J. Aird et al.



X-ray Survey
Achievements



Big Survey Advances Since 1999
Resolved much of the CXRB.

Revealed most/much of obscured SMBH growth.

Totally changed understanding of AGN evolution
and the “cosmic balance of power”.

Much better understanding of high-redshift
AGNs and contribution to reionization. 

Strong progress on AGN-galaxy and AGN-LSS
connections.



Updated from Brandt & Alexander (2015)

Chandra
XMM-Newton
ROSAT/Einstein

Will briefly review
labeled XMM-Newton
surveys from deepest
to widest. 

Each with just a couple
science highlights.

Many more great 
science results and 
surveys!

Note XMM-Newton
contributions.



XMM-Newton CDF-S
Detection and spectra of
highly obscured AGNs.Ranalli et al. (2013) - 2.8 Ms

339 sources from 2-10 keV

Comastri et al. (2011) 

Vignali et al. (2015) 
z ~ 1.6

Iwasawa et al. spectral
atlas of 185 brightest AGNs.



XMM-COSMOS
Study LSS to ~ 50 Mpc as traced
by AGNs and groups/clusters.

Assess environmental effects
upon SMBH growth. 

Good balance of depth vs. area
for AGN evolution studies.

Also, extensive Chandra COSMOS
Legacy observations.

Cappelluti et al. (2009) - 2.1 deg2 at 40 ks depth
1887 sources



The XMM-Newton XXL Survey
25 deg2 with ~10 ks coverage Cluster-driven survey.

26,056 point sources (and 365 clusters).

Can detect rare, luminous AGNs - but
misses most cosmic accretion power.

Pierre et al. (2016); Fotopoulou et al. (2018) 

25 deg2 with ~10 ks coverage

Space Density and fobsc at High LX

Georgakakis et al. (2017)

XXL



3XMM-DR8 from SSC

1089 deg2 - 530,000 unique sources – largest X-ray source catalog.

Used for 500+ science studies across all source types.

Even more potential with LSST, PFS, DESI, Euclid, WFIRST, VLASS, ASKAP, etc.

Rosen et al. (2016)
Coriat et al. (2018) 



XMM Slew Survey (XMMSL2)

65000 deg2 - 85% sky covered at least once - 23,000 sources

TDEs, highly variable AGNs, supernovae, flare stars, transients

Prelude to eROSITA and Einstein Probe X-ray transients.

Saxton et al. 

TDE – Esquej et al. 



XMM-SERVS 
and the Future



Some Big Questions for Surveys
Complete our understanding of AGN obscuration.

Growth and feedback of highly obscured SMBHs 
through the z ~ 1-4 galaxy formation era.

SMBH growth in the first galaxies at z ~ 4-10 and 
the z ~ 10-15 “seeds” of SMBHs.

Deeper understanding of AGN-galaxy and AGN-LSS
connections.



Use XMM-Newton in Regime Where It Works Best!

J. Aird et al.

D
om

ain of eRO
SITA

Domain of
Chandra

XMM-Newton Sweet Spot



The Post-eROSITA Landscape

Want COSMOS-like
surveys over larger
solid angles.

Need aggressive 
projects to break
new ground.

But where to point for 
the most compelling 
science at these X-ray 
fluxes?

XMM-Newton 
Sweet Spot



XMM-SERVS: 
Coverage of the LSST 
Deep Drilling Fields



LSST
Full science operations: 2023



Main Survey - Brief Details
Example Operations Simulation of r-Band Visits

(Details Subject to Change)

Main Survey
Region with DDFs

Galactic
Plane

South Celestial Pole

Northern Ecliptic Region (NEOs)
Main survey
optimized for
homogeneity
of depth and
number of
visits.

~ 18000 deg2

Uses ~ 90% of
the LSST time.



20 billion galaxies
and 
17 billion stars
with 
exquisite photometry,
image quality, and
astrometry in ugrizy.

18,000 deg2 of this…

This LSST image simulation covers ~ 0.03 deg2,
so will get 600,000 images like this one.



2012 Announcement of Four DDFs

Announced early to stimulate multiwavelength 
data gathering – this approach worked!



Four 10 deg2 LSST Deep Drilling Fields

Brandt et al. (2018)
arXiv:1811.06542

W-CDF-S

XMM-LSSCOSMOS

ELAIS-S1

Three SERVS fields 
and COSMOS.

LSST

LSST

LSST LSST



Cadence and Other Details



The LSST AGN Science Collaboration





Spitzer DEEPDRILL Survey of LSST DDFs

et al.

Spitzer coverage
is gray shading.



Where Are the X-rays?

Having no
X-rays would
be an epic
fail for AGN
and cluster
science!



5 Ms XMM-SERVS: Pushing Beyond COSMOS

At 50 ks XMM-Newton depth, expect ~ 12,000 AGNs and ~ 760 X-ray groups/clusters.

SMBH growth across the full range of cosmic environments and SMBH/galaxy connections.

Incredible legacy value as LSST/DES DDFs, MOONS/PFS fields, TolTEC/ALMA fields.

Done!

Incoming!

Incoming!



Results from the XMM-LSS Field

1.1 Ms additional good XMM-Newton exposure (2.7 Ms total).

5.3 deg2 at 46 ks median PN depth – good uniformity after make-ups.

5242 total X-ray sources – 2381 new (cf. 1887 in XMM-COSMOS).

Chen et al. (2018) 

0.5-2 keV sensitivity map



Results from the XMM-LSS Field

90% reliable counterpart identification rate (assessed with Chandra).

In our prime 4.5 deg2, more than 70% of sources have spectroscopic or 
high-quality photometric redshifts. MOONS/PFS will soon improve further.

96.7% of X-ray point sources identified as AGNs or likely AGNs. 

Chen et al. (2018) 

Reliable Counterparts - Other Sources



X-ray vs. Spitzer Selection

Have performed comparisons of X-ray vs. mid-infrared (hot-dust) selection. 

Mid-infrared selection works fairly well for luminous AGNs, but X-ray selection 
is required to minimize interlopers and find moderate-luminosity systems.

Chen et al. (2018) 



W-CDF-S Data Incoming Now!

Ni et al., in preparation

42 / 54 observations done with
total exposure of 1.6 Ms, covering
3.7 deg2.

Mild background flaring so far.

Observations will finish by 2021. 

2660 X-ray sources already detected, 
and almost all are new.

About 90% have reliable
multiwavelength counterparts.

HSC imaging published and archival 
data assembled. Photo-z’s computed.

Qingling Ni



W-CDF-S HSC Images & Catalog



W-CDF-S Photometric Redshifts

Computed by Guang Yang
for Ni et al., in preparation.



ELAIS-S1 Data Incoming Now!

Ni et al., in preparation

14 / 25 observations done with
total exposure of 450 ks, covering
1.5 deg2.

Almost no background flaring so far.

Observations will finish by 2021. 

1470 X-ray sources already detected.

About 90% have reliable
multiwavelength counterparts.

First photo-z’s computed and better
multiwavelength data being assembled.



Complementary Multiwavelength 
Data Flooding In for XMM-SERVS!

Atacama Large Millimeter
Array (Submm)

MeerKAT MIGHTEE 
(Radio)

VLT

LMT



Multi-Object Reverberation Mapping
SDSS-V Black Hole Mapper will Reverberation 

Map AGNs in Three LSST DDFs: 2020-2025 
4MOST TiDES Component
in LSST DDFs: 2022-2027

Guiglion et al. (2019)

Also BAL variability, reddening variability, changing-look 
quasars, general emission-line variability, etc.

LSST will provide ~ 900 epochs of outstanding photometry for reverberation mapping.

All of these sources will have XMM-Newton X-ray characterization. 

(or more)



50+ Ms of Additional 
Survey Possibilities 

for the 2020’s



Finish/Improve LSST DDFs

Brandt et al. (2018) 

Currently only 13.6 / 40 deg2

of the DDFs will have good 
XMM-Newton coverage.

Completing them is very
tempting - cost of ~ 15 Ms.

Also could push them
deeper to ~ 150 ks depths. 

The Akari Deep Field-South
has been proposed as 
another ~ 20 deg2 LSST DDF.

Will be Euclid and likely 
WFIRST deep field.



WFIRST Deep SNe Fields

WFIRST aims to produce several 
10+ deg2 ultradeep fields via its
supernova survey - in its CVZ.

Amazing samples of morphologically
well-characterized AGN hosts out to z ~ 3.

Proposing for near-simultaneous 
LSST coverage.

Cost to cover ~ 10 Ms+. 



Lockstep SMBH-Bulge Growth
CANDELS Infrared Morphology to Select Only Bulges is Essential

Yang et al. (2019) 

Kormendy & Ho (2016)

Results do not hold when large non-bulge components present. WFIRST will allow on industrial scale!



Push XXL Deeper for AGNs + Clusters
25 deg2 with ~10 ks coverage

Pushing XXL deeper could let these fields probe most of cosmic accretion 
power and provide a superbly characterized sample of ~ 100,000 AGNs.

Would want to improve depth from ~ 10 ks to 40-50 ks. Cost ~ 15-20 Ms.

Could consider a similar program on Stripe 82X.

Pierre et al. (2016); Fotopoulou et al. (2018) 25 deg2 with ~10 ks coverage



AGN Content of Protoclusters

Protocluster discoveries at z ~ 2-6 from wide-field surveys continue to accelerate.

Would like to measure reliably the AGN content in these rare over-densities to 
assess an extreme of AGN-LSS connections.

Could target 20-50 protoclusters deeply at cost of ~ 2-5 Ms.

Rosati (2018)



The End
arXiv:1501.01982



Extra Slides



Stripe 82X Survey

Similar W-FX as XMM-XXL, but with excellent SDSS Stripe 82 complementarity.

eBOSS spectroscopy of X-ray and WISE sources completed – LaMassa et al. (2019).

Exciting science projects in the pipeline.

LaMassa et al. (2016) 

6-8 ks depth

Chandra – XMM-Newton – XMM-Newton



XMM-Newton Is Healthy
XMM-Newton Fuel and General Status

With luck, XMM-Newton can likely last for more than a decade.

Hope for another great ~ 10+ years of X-ray surveys.

But need to conduct aggressive projects to break new ground!

Kretschmar et al. (2018) 



Akari Deep Field-South
Clements et al. (2016) 

Planned deep field for Euclid and WFIRST - in their continuous viewing zone. 

Proposed to be another LSST Deep Drilling Field over 20 deg2.



Seyfert Galaxies Serendipitous Survey

Very large amounts of XMM-Newton and Chandra time have been built up
on ~ 15 local Seyfert galaxies, for X-ray spectroscopic and variability studies.

Should improve the optical spectroscopy and multiwavelength data around 
the most intensively studied of these, so that future X-ray campaigns can
serve “double duty” as survey fields for free. 

Could help to motivate further a Seyferts Multi-Year Heritage Program.  

H0707-495 IRAS 13224-3809 NGC 5548



This is the Title

This is some text.

Chen et al. (2018) 


