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New Astronomical Devices
We heard about new or rapidly developing technology:

CMOS

HgCdTe

Ge CCDs

Should we be more scared or excited?
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How many new features do CMOS/HgCdTe bring?
Mostly the CMOS (including HgCdTe ROIC) talks were comfortingly familiar; just
like a one-pixel CCD

Talk of reciprocity failure took me back to a an era that finished just before I started
my PhD. I was not happy.
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But we're pushing the limits…
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Strategy for Systematics

Layers	of	SystemaFc	Control	

14	

LAYER	 PROCESS	

1	 Eliminate	the	physics	causing	the	effect	(but	not	always	possible).	

2	 Develop	a	first-principles	model	(but	again,	not	always	possible).	

3	 Develop	an	empirical	model	based	on	stars	or	external	calibra@on	
data	(may	capture	mul@ple	pieces	of	physics	simultaneously).	

4	 Mask	affected	data	(if	a	small	number	of	pixels	are	affected,	e.g.	
persistence,	cosmic	rays	…).	

5	 Sta@s@cal	correc@ons	based	on	science	galaxies	(e.g.	de-trending	
with	respect	to	posi@on	on	focal	plane).	

6	 Cross-correla@ons	of	successive	passes	over	the	sky	at	different	roll	
angles	(@le	2x	per	filter,	3	shape	measurement	filters).	

Different	effects	may	be	more	amenable	to	mi5ga5on	at	different	layers.	
	

Want	to	avoid	premature	reliance	on	layers	5	and	(especially)	6	–	these	are	
there	if	1—4	are	not	sufficient,	or	when	(not	if)	unexpected	problems	arise.	

Chris Hirata
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Fix the physics [and devices]

Holland

Robert Lupton PACCD-2016 Conference Summary 2016-12-02 6 / 15



Fix the physics [and devices]

Holland
Robert Lupton PACCD-2016 Conference Summary 2016-12-02 6 / 15



Fix the physics [and devices]

Holland

Robert Lupton PACCD-2016 Conference Summary 2016-12-02 6 / 15



Fix the physics [and devices]

Lesser
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Fix the physics [and devices]

Data releases scenario 

Third release 2018 (TBC) 
XP spectra 

First release, 14th Sep 2016 
G passband 

Second release, Q4-2017 
GXP passbands 

Carrasco
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Fix the physics [and devices]

For full-sky calibration, there are two different 
methods.

Rykoff, Burke et al. in 
prep for DES

1I. Forward Global Calibration

The FGCM approach is to ‘determine the full atmospheric 
and instrumental passbands through which observations 
are made at the time they are made.’

Ongoing work by James Lasker to compare DES and PS1 
See Ting Li’s talk for similar analysis

Scolnic
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Fix the physics [and devices]

Most residuals are Gaia stripes

Finkbeiner
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New problems we cause ourselves

O'Connor
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New problems we cause ourselves

Divergent EPER @ low signal 
& missing signal in first column of every row

● Signal deferred and 
released as serial 
(relative) EPER 
signal is large when 
flat field signal is low 
(cf. Last slide).

● Comparable signal 
level is missing from 
the expected pixel 
level for each row.

● This mechanism 
seems to vanish 
(perhaps too difficult 
to measure) as 
signal level 
increases.

➔ CTI correction of science images should NOT take toy 
model CTI estimates directly from EPER signal and 
number of serial transfers!

➔ This CTI may vanish from instrument signature as soon 
as sky background provides an adequate fat zero (TBC).11

Rasmussen
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New problems we cause ourselves

Loomis

Robert Lupton PACCD-2016 Conference Summary 2016-12-02 7 / 15



New problems we cause ourselves

Loomis

Robert Lupton PACCD-2016 Conference Summary 2016-12-02 7 / 15



Translation to CMOS/HgCdTe
We see effects familiar from CCDs in HgCdTe devices.

ContribuFons	to	image	ellipFcity	

18	

Whisker	diagram	for	H2RG	at	
Caltech	Precision	Projector	Lab	
(Seshadri	et	al.	2013)	
	
	
	
Correlated	structure	is	present	
	
	

(assuming that this is some sort of pixel-size or intra-pixel sensitivity effect)
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Develop a first-principles modelPixel Array Summary Plot

Collect	Gates	
BarrierGate	

Ch
an
ne

l	S
to
p	

Charges	Poten4al(z=0)	

Poten4al(z=1.07)	 Poten4al(z=2.56)	

4 / 25
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Develop a first-principles model
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Develop an empirical model
Need measurements first…
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Develop an empirical model
Need measurements first…

Individual	Pixel	Response	FuncFons	

•  Stars	are	bright,	galaxies	are	faint	

•  Stars	have	high	S/N	per	pixel	
–  Pixel	response	funcFons	differ	from	

one	pixel	to	another	

•  QE,	area,	centroids,	shapes,	higher	moments	

–  Not	visible	in	individual	galaxies	(at	S/
N=10	per	image,	care	most	about	mean	

behavior	on	>1	arcmin	scales)	

–  …	but	a	big	deal	for	PSF	stars	as	we	may	

be	interpolaFng	based	on	~1000	stars	

each	at	S/N~100	

•  This	is	where	the	Fghtest	requirements	on	

high	spaFal	frequency	flats,	etc.	will	come	

from	on	WFIRST!	

19	

Hardy	et	al.	(2014)	

SPIE	9154,	9154D-12	

H1RG,	5µm	cutoff	
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Develop an empirical model
Need measurements first….. a spatially resolved 

trap in the serial 
register

In the case of a 
significant trap near 
serial address=60, X-ray 
artifacts (upper left) are 
mirrored by structure 
seen in the lag-shifted 
difference image product 
(below, right). Better 
spatial resolution should 
be possible with >1 flat 
pair per signal level.

19
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Develop an empirical model
Need measurements first…

Remaining	effects	a1er	NL	calibraCon:	pixel	
boundary	shi1s	

Sample	number		

N
or
m
al
iz
ed

	p
ix
el
	fl
ux
		

Image	and	analysis:	J.	Anderson	

-General	decrease	in	the		
value	of	the	central	pixel	
with	?me	w.r.t	read	#1	
	
-	Adjacent	pixels	seem	to	
show	an	increase	of	flux	

PRELIMINARY!		
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Develop an empirical model
Need measurements first…

Fringe Patterns 

Displayed to the right are the main fringe patterns observed throughout the night using 
the LSST Y4 filter. Each image represents the average of ten images taken in ten back-
to-back 60 second exposures processed with LSST DM. Note that the median flux 
(shown in ADUs) changes in each image. All slice plots below show the values taken 
across a line that stretches from the top left corner of an image to the bottom right 
corner. 

!
!
!
!

Fringing in MonoCam Y4 Filter Images 
Jason Brooks 

 
�����	��� �	����	� �	
��	����� ������ ���	������� ������ �� 11973!

Y4 filter shown in pink (K. Gilmore) 

8:25!pm!230ADU! 9:36!pm!156ADU! 10:36!pm!127ADU! 11:37!pm!96ADU!

12:33!am!102ADU! 1:43!am!92ADU! 2:41!am!206ADU! 4:04!am!134ADU!

8:25!pm! 9:36!pm! 10:36!pm! 11:37!pm!

12:33!am! 1:43!am! 2:41!am! 4:04!am!
All slice plots subtracted by 12:33 am pattern 
(individual plots shown to the left). 

All slice plots shown together 

Subtraction by Midnight Pattern 

Below are the same patterns in the top right subtracted by the 
fringe pattern that appears at 12:33 am (however 12:33 am image 
below is was not subtracted by itself). Before subtraction was 
performed, each image was first divided by its median value to 
normalize flux. Notice in the images that the dark regions at the 
beginning of the night roughly correspond to the bright regions at 
the end of the night.  

Comparison With Lab Measurements 

Monochromatic flats ranging from 900nm to 1100nm in steps of 10nm were taken of 
the same 113-03 e2v sensor that was used in MonoCam. Shown below is a sum of all 
fringe patterns with weights assigned to each wavelength that roughly correspond to 
theoretical OH emission line intensities. Final image shown has been divided by its 
median value and lines in both slice plots shown below have been divided by their 
respective interquartile range. Notice that the node position (around 4000) in the lab 
slice plot occurs when we include all wavelengths of light in the range 900-1000nm 
and 1000-1100nm. Conclusions 

Major fringe pattern does not appear to change by much over the 
course of the night; slice plots (mostly) remain in phase, and lab 
data suggests that observed fringe pattern is a superposition of 
several patterns fringes in the range from 900-1100 nm.  

I would like to thank Merlin Fisher-Levine, Kirk Gilmore, and Andrei Nomerotski for their assistance throughout this project as well as David Kirkby, whose code was used to produce 
several of the plots shown. Hard work of Woody Gilbertson and Petr Kubanek to take MonoCam data is greatly appreciated. This project was supported in part by the U.S. Department of 

Energy, Office of Science, Office of Workforce Development for Teachers and Scientists (WDTS) under the Science Undergraduate Laboratory Internships Program (SULI). 
 

Theoretical OH emission line1 intensities and 
weights applied in empirical reconstruction 

Lab!flat!at!1000!nm.!Secondary!fringing!is!visible.!

Diagonal slice plot of lab fringe pattern with 
MonoCam 12:33 am fringe pattern 

Diagonal slice plot of lab fringe pattern with 
wavelengths > 1000nm removed 

Introduction 

We study the fringing patterns observed in the MonoCam camera with images taken at 
the U.S. Naval Observatory near Flagstaff, Arizona using its 1.3m telescope with f/4.0 
optics. Images were taken at regular intervals over the night of May 11 to morning of 
May 12. Fringing occurs due to the reflection of light at the bottom surface of the CCD 
that constructively or destructively interferes with incident light to produce a net 
“fringe” pattern that is superimposed on all images taken. It is thought that emission 
lines from the atmosphere (dominated by OH spectra) will change in their relative 
intensity as the night goes on and produce different fringe patterns in the images taken 
throughout the night. We found through several simple methods that the general shape 
of fringe patterns remains constant, though slight changes in fringes might occur. 

References!
1Rousselot)et)al.,)2000,)A)&)A,)354,)1134 

!
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Calibration Instrumentation
I'm not sure where this fits into the Hirata Strategy.

A CBP or DECal isn't a model, but it allows us to understand and remove pernicious
effects
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Develop an empirical model
How good does the model have to be?

E.g. Chaz and Andrez's work on the importance of non-linearity for WFIRST
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Calibration Correlations

We can call this an empirical correlation or a model.

Or one of Chris's despised
statistical corrections.
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Absolute Calibration
There are two methods for determining the 

absolute/color zeropoints of system.

-Current state of the art: HST, 5 
mmag per 7000 A

-Concerns: Models of WD 
standards still have sizable 
uncertainties, especially in IR. 

-Improvement with self-
calibration: No.

G. 11.—Ratio at R = 500 of the new Rauch model fluxes to the 

pure-hydrogen Tlusty 2003 models that previously defined the 

three primary WD SEDs. NLTE models.Bohlin+ 2014  

Method 1: WD models
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Absolute Calibration

There are two methods for determining the 
absolute/color zeropoints of system.

Method 2: Lab based 
metrology

Plan to use precision calibrated 
photodiode as the fundamental 
metrology reference in order to 
determine the relative 
throughput of the PanSTARRS 
telescope and the Gigapixel 
imager. Technique ses a 
tunable laser as a source of 
illumination on a transmissive 
flat-field screen.

[Stubbs 2010, Tonry 2012]

Hasn’t yet worked to 1% levelRobert Lupton PACCD-2016 Conference Summary 2016-12-02 14 / 15



Absolute Calibration
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Absolute Calibration
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New Software
Almost all of this talk implied work for authors of pipelines.

PCAT
DAOPhot
HST
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