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H O W  I  G O T  I N T E R E S T E D  I N  A G N …



~500 researchers  
5 years (from 2013) 
525 Nights 
5000 square degrees 
5 filters 
Time-lapse over 30 square degrees 

Weak Lensing 
Galaxy clusters 
Baryon Acoustic Oscillations 
Supernovae

~300 million  
galaxies

~3000 
supernovae

Dillon Brout  -  January 10th, 2018  -  AAS #231

Preliminary SN 3Year 
Cosmology Results

Dark Energy Camera,  
CTIO4m, Chile



The Dark Energy Survey



5000 square degress, 5 optical filters Animation: Dillon Brout



O V E R L A P P I N G  S U R V E Y S
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OzDES fields



~20 researchers  
5+1 years (from 2013) 
100 Nights 
30 square degrees 

Supernovae 
AGN reverberation mapping 
Radio galaxies 
Photo-z calibration

many types  
of targets

~3000 
supernova  

host galaxies

~800 AGN 
time-lapse 

2dF, AAT, Australia

OzDES 3-year results 3

(see Sharp & Parkinson 2010, for details). On average, we use SVD
instead of least squares once every 200 columns.
• For low signal-to-noise regions in the flat fields, which is most

severe in the blue in the dome flats, averaging over 10 columns
when fitting the fibre profile.
• Applying an illumination correction to the flap flats using the

dome flats.
• Applying a different set of sensitivity functions for the instru-

ment before and after the upgrade of the CCDs.

Once the AAOmega data have been processed with 2dFDR,
we then splice the red and blue ends of the spectra. Since some
targets are observed over different nights and can appear in more
than one field (because of field overlap) we sum all the data on a
single target into one spectrum, first scaling by the throughput (as
measured by the F stars) and then weighting by the inverse of the
variance.

These improvements lead to better quality data. As a result,
we get about 10% more redshifts than we did in Yuan et al. (2015)
for the same data.

While the processing has improved, there is still room for fur-
ther improvement. In particular, one can sometimes see a disconti-
nuity in the spectra near the wavelength where the dichroic splits
the two arms of the spectrograph. This is largely due to errors in
sky subtraction and is caused by a combination of a residual back-
ground (which is often caused by the wings of very bright stars),
and poor spectral uniformity in the flap flats. The accuracy of the
sky subtraction, which is assessed by examining how well the sky
is removed from the sky fibres, is about 1% in the continuum in the
best cases and 6% in the worst.

We are actively investigating ways to improve the processing.
For example, the fibre profile is not Gaussian, and is more accu-
rately modelled as a pair of Gaussians and broad exponential wings.
The relative strength of these components varies according to the
location of the fibre on the detector. The background, which con-
sists of two main components is also more complex. In some cases,
the background contains more structure than we allow for when us-
ing splines to model it. This can occur when one of the fibres lands
near to a very bright star (usually unintended) in one of the fibres.
Finally, for the data taken in Y1, where we did not take dome flats,
we are investigating ways of correcting flap flats using what we
have learned about flap flats and dome flats that we have taken in
Y2.

2.3 OzDES Target Allocations for Y2 and Y3

The target selection procedure and primary target classes for
OzDES were described in detail in Section 3.2 and 3.3, respec-
tively, of Yuan et al. (2015). A number of mild changes were imple-
mented for the target selection procedure in Y2+Y3 observations,
and will be described in detail below. Fibre observing time allo-
cations for Y1+Y2+Y3 of OzDES are summarised in Table 1, and
presented graphically in Figure 1

The OzDES active galactic nuclei (AGN) reverberation map-
ping (RM) project (King et al. 2015) transitioned from Y1 opera-
tions of identifying AGN suitable for RM followup to Y2 opera-
tions of actively following up AGN selected in Y1. This decreased
the fraction of fibres allocated to AGN, as the Y1 target selection
program had concluded. OzDES now has a core sample of NNN
AGN to be followed for the RM program across all 10 DES-SN
fields, which should consistently account for XX% of fibre alloca-
tions for the remainder of the project.

Figure 1. Fibre Allocation fraction vs. object type for OzDES year 1, year

2, and year 3.

We like collaboration…  
contact us!



The Dark Energy Camera  
(Blanco telescope, Chile)



2 degree field  
spectrograph  

(Anglo-Australian  
Telescope) 

superimposed on

The Dark Energy Camera  
(Blanco telescope, Chile)
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2dF 
SDSS 
GAMA 
WiggleZ 
OzDES

Animation by Samuel Hinton (UQ)



OzDES



O Z D E S  R E V E R B E R AT I O N  M A P P I N G  P R O G R A M

• 6 years, 2013-2019, each July to January 

• ~ Weekly photometry with DECam 
• Make continuum light curves 

• grizY bands (from 400nm to 1080nm) 

Magnitude distribution of OzDES targets 
(r-band)

Monitoring 771 AGN
Figure: Andrew Penton



O Z D E S  R E V E R B E R AT I O N  M A P P I N G  P R O G R A M

• 6 years, 2013-2019, each July to January 

• ~ Weekly photometry with DECam 
• Make continuum light curves 

• grizY bands (from 400nm to 1080nm) 

• ~ Monthly spectroscopy with 2dF on the AAT 
• Hβ , MgII, CIV emission lines, depending on z 

• (Hα , CIII also being investigated) 

• 370-880 nm 

Redshift distribution of OzDES targets 
coloured by which lines are in our spectral range

Monitoring 771 AGN

Expect 30% success rate (King et al. 2015)



O Z D E S  I N  C O N T E X T  -  E X I S T I N G  D ATA

Existing measurements 
from: 
• Peterson et al 2006  
• Kaspi et al 2007 
• Grier et al 2013  
• Trevese et al 2014  

• Shen et al 2016 
• Grier et al 2017   
• Lira et al 2018

Figure: Janie Hoormann



O Z D E S  I N  C O N T E X T  -  S I M U L AT I O N

Existing measurements 
from: 
• Peterson et al 2006  
• Kaspi et al 2007 
• Grier et al 2013  
• Trevese et al 2014  

• Shen et al 2016 
• Grier et al 2017   
• Lira et al 2018

OzDES simulation 
(King et al. 2015)

Figure: Janie Hoormann



O Z D E S  I N  C O N T E X T  -  F I R S T  R E S U LT S ! !

OzDES simulation 
(King et al. 2015)

Existing measurements: 

• Local 

• SDSS 

• CIV

OzDES data !

Figure: Janie Hoormann



O Z D E S  I N  C O N T E X T  -  U P C O M I N G  R E S U LT S

OzDES data  
(in prep)

OzDES MgII

OzDES  
Hβ

OzDES CIV

existing 
measurements

PRELIMINARY !!

46 secure + 151 probable new lag measurements
Figure: Janie Hoormann



T H E  O Z D E S  R M  P I P E L I N E

• Spectrophotometric calibration 
• github.com/jhoormann/OzDES_calibSpec 

• Local continuum subtraction 
• Integrate emission lines to get flux 
• github.com/jhoormann/OzDES_makeLC 

• Calculate the line flux 

• Cross correlate continuum and line 
light curves to get the lag

Figures: Janie Hoormann



C A L I B R AT E  T H E  S P E C T R U M

Compare magnitude measured from OzDES 
spectrum to nearest DES observation

F-stars used for calibration 
Raw spectra show lots of variation

Figures: Janie Hoormann



C A L I B R AT E  T H E  S P E C T R U M

F-stars used for calibration 
Raw spectra show lots of variation Calibration removes most of the variation

Figures: Janie Hoormann



R E M O V E  T H E  C O N T I N U U M

Figure: Janie Hoormann

The continuum 
subtraction is the 
largest source of  

uncertainty in the line 
flux measurement  
(3.4% and 7.8%)



W H AT  I F  Y O U  C H A N G E  T H E  I N T E G R AT I O N  W I N D O W ?

The choice of integration window doesn't substantially change the result. 

Figures: Janie Hoormann



G E T  L I N E  F L U X  -  D I R E C T  I N T E G R AT I O N

Figures: Janie Hoormann



W H AT  I F  Y O U  F I T  T H E  L I N E  B E F O R E  I N T E G R AT I N G ?

No substantial change

Figures: Janie Hoormann



C A L C U L AT E  E M I S S I O N  L I N E  W I D T H

Figures: Janie Hoormann



C A L C U L AT E  T H E  L A G S

Interpolated  
cross-correlation

Javelin
Figures: Andrew Penton + Javelin



F I R S T  R E S U LT S



D E S  J 0 0 3 3 - 4 2 z=2.593

Figures: Janie Hoormann



D E S  J 0 0 3 3 - 4 2 z=2.593

~350 days

Rest frame Lag = !  days95+ 16
−23

Observed Lag = !  days343+ 58
−84 mass = 3.3x109 M⦿   (33% uncertainty)

343 days

Figures: Janie Hoormann



D E S  J 0 2 3 8 - 0 4 z=1.905

Figures: Janie Hoormann



D E S  J 0 2 3 8 - 0 4

~350 days

358 daysz=1.905

Rest frame Lag = !  days123+ 43
−42

Observed Lag = !  days358+ 126
−123 mass = 4.4x109 M⦿  (44% uncertainty)

Figures: Janie Hoormann



F I R S T  R E S U LT S  -  R A D I U S  L U M I N O S I T Y

c.f. Sun emits 3.8 x 1033 ergs/second 
13 orders of mag brighter than the sun

z=2.593, 3.3x109 M⦿    
(33% uncertainty) 

z=1.905, 4.4x109 M⦿    
(44% uncertainty)

Figure: Janie Hoormann

Just used 4 most robust measurements 
from Lira et al. 2018



L O O K  W H AT  O N E  M O R E  S E A S O N  C A N  D O !

Figures: Janie Hoormann



I M P R O V I N G  T H E  
A N A LY S I S



H O W  D O  W E  K N O W  W E  A R E  D E R I V I N G  T H E  C O R R E C T  
L A G S ,  W I T H  R E A L I S T I C  U N C E R TA I N T I E S ?

• Based on the Damped Random Walk model of AGN 
variability 

• Parametrised by the variability timescale and the 
amplitude of variability 

• Realistically models uncertainties and scatter 
expected in observations 

• Takes as input physical characteristics of  real sources  
including redshift, luminosity, uncertainties, and 
observational cadence

Simulations!!

Figure: Andrew PentonSee Umang Malik’s talk on Monday



C O M PA R I S O N  T O  O B S E R V E D  D ATA

Which is which?
Figures: Andrew Penton



C O M PA R I S O N  T O  O B S E R V E D  D ATA

Which is which?
Figures: Andrew Penton



W H AT  C A N  W E  D O  W I T H  
T H E S E ?



S TAT I S T I C S ! !

• Only 8% disagree @ 1 sigma 

• None disagree @ 2 sigma Uncertainties are systematically too large.
Figure: Andrew Penton

• ICCF results



H O W  I M P O R TA N T  I S  T H E  L A G  P R I O R ?  
A N D  C A N  W E  D O W N - W E I G H T  F O R  O V E R L A P ?

Figures: Janie Hoormann

weight = (Nlag/N0)2 



S TA N D A R D  T E C H N I Q U E S  I N  B A R Y O N  A C O U S T I C  
O S C I L L AT I O N  C O S M O L O G Y

Tamara Davis
Use standard BAO Window Function techniques to take into account missing data. 



W H AT  D O E S  T H I S  L O O K  L I K E ?

Data 1

Data 2 Random 2

Random 1

Figures: Andrew Penton



Photometry data crossed 
with spectroscopy data

Random photometry crossed 
with random spectroscopy

W H AT  D O E S  T H I S  L O O K  L I K E ?

Figures: Andrew Penton



W H AT  D O E S  T H I S  L O O K  L I K E ?

Photometry data crossed 
with random spectroscopy

Spectroscopic data crossed 
with random photometry

Figures: Andrew Penton



W H AT  D O E S  T H I S  L O O K  L I K E ?

Photometry data crossed 
with random spectroscopy

Spectroscopic data crossed 
with random photometry

Figures: Andrew Penton



I S  T H I S  H E L P I N G ?

Figure: Andrew Penton



data-data rand-rand

phot data-rand spec spec data-rand phot

result



O R I G I N A L  W I T H  R A N D O M  I N  G R E Y

Figures: Andrew Penton



O R I G I N A L  I N  G R E Y  A N D  F I N A L  I N  G R E E N

Figures: Andrew Penton



I S  T H I S  H E L P I N G ?

Figures: Andrew Penton



I S  T H I S  H E L P I N G ?

Figures: Andrew Penton



S U M M A R Y

• OzDES is targeting 771 AGN out to z=4 

• All spectra public very soon (by end of year hopefully) 

• Recovered first 2 lags using the CIV line 

• Including one at z = 2.593 

• Developing the statistical techniques 

• Testing on hundreds of simulations  

• Generating quantitative quality criteria to rank lags from sources 

• Dealing with seasonal gaps and aliasing using window function estimators 

• Using an estimator seems to be able to reduce noise in recovered lag signal and reduce the effects of 
aliasing in our signals 

• Preliminary look at year 5 data shows we should be able to recover almost 200 more! 

• And there is still data from year 6 to analyse! 
We are interested in collaborating.   

Contact us!


