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Overview

@ Infrared challenges; general strategies
@ IR imaging
@ Observations

@ Data processing

@ Calibrating & interpreting IR photometry of SNe
@ IR spectroscopy
@ Observations

@ Data processing

® Exotica



Some Plusses

@ Better Seeing (at least in NIR)
@ Less reddening

@ ~1/\... in magnitudes!
® Less differential refraction

@ Less atmospheric scattering
@ Bright time, dark time, twilight... (daylight?)
® New science



Poor Conditions

2.1 Introduction
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Fig. 2.1. Transmittance of 1000 feet horizontal air path at sea level containing
5.7 mm of precipitable water at 79F (26 C). The omitted interval from 9.5-
10 um has transmittance = 100%. (Image is courtesy of Raytheon Infrared
Center of Excellence, formerly SBRC.)

From Handbook of Infrared Astronomy, I.S. Glass




Quirky Detectors

@ Small arrays

® Shallow wells

® NIR detectors

typically linear to
about 10K counts

@ Poor cosmetics
@ Lots of bad pixels
@ Ugly flat-field

@ Cracks, blobs,
"quadrants”, etc...

@ Know your instrument!
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Quirky Detectors

® Shutterless cameras

@ Double read, typically
~1 sec.

® Not simultaneous

@ Noisy, unstable
electronics

@ Bias drift, variable
pattern noise

® Residuals, often about
05 tol %
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IR Detectors

@ InSb, HgCdTe, efc

@ Not charge transfer devices

@ Double read

@ ~'1s readout time

@ Readnoise ~30e
® MNDR? particularly for spectroscopy



Infrared Strategies

@ Cold instruments, thermal masks, blocking
filters

@ Short Exposures... lots of ‘em
@ Dither, Nod, Chop

@ Sky subtraction (also bias, dark, & thermal, and
some bad pixels)

@ Sample the detector in different locations

® Visit standards often



Working in the IR

@ Large overheads

@ Short exposures, lots of telescope business, lots of
calibration data

@ Large datasets

@ Get a big disk and learn fo program

@ Large tfelescopes

@ Rule of thumb: upgrade by 1 generation of
telescope aperture when moving info the NIR

@ Trailblazing; bring a machete!

® May need to build tools & get creative



Infrared Imaglng

SN 1995N SN 1997ab 998
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Whats in an image?
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Why Sky Subtraction?
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Biases & Darks

@ Typically not needed unless using sky frames
for FF, or cant make “off” flats

@ 1 set of "daylight” darks and/or bias frames might
be useful for building bad-pixel masks

@ No overscan: make biases by taking "0” sec
exposures with a dark setup

@ Not usually needed if youre taking darks

® Darks should be same length as exposure

@ Both Bias level and DC rate can drift during
the night.

® Bracket observations with dark frames



Taking Flats

® On/Off flats

® Subtraction removes bias, dark & thermal

@ Dome flats/ “comp-lamp” flats
@ Illumination?

@ Too bright -> ND filters -> different setup

@ Twilight flats
® Do each filter twice for On/Off

@ Not really possible longward of K-band

@ Sky flats

@ No Off: take darks, hard to make a “thermal”



IR Imaging Reduction

@ Dome or Twilight flats
@ Build On/Off flats and difference (Illum. Corr.?)
@ FF all images
@ Build Sky frames, subtract

@ Register and stack images

@ Sky flats

@ Combine darks & subtfract from images
@ Build sky images & combine fo make flat
@ FF object & sky frames

@ Sky subtract, register, & stack images



Building Sky Frames

@ Combine dithered pointings.
@ For clean Sky-sub, at least 3 pointings

® Combine images with high-pixel rejection to remove
sources (e.g. imcombine.reject=minmax)

@ Matching median image levels may make a cleaner sky (e.g.
imcombine.zero=median)

@ Avoid sources overlapping in multiple dither
positions as these will leave residuals in the sky
frame

@ For crowded fields use more positions, large dither
steps, or off-target fields

@ Beware of residuals from bright field stars



Building Sky Frames
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(statsec) Image section for computing statistics
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{Ithreshold) INDEF Lowser threshold

| (hthreshold) INDEF Upper threshold

{nlow ) 0 minmax: Number of low pixels to reject

{nhigh) minmax: Number of high pixels to reject
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? o iy ek 4]
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(hsigma) Upper sigma clipping factor

& Beware of residuals from bright field sfars



Dithering (small steps)

ene % SAOImage ds9

6 For P Oi n '|' S O urCe S i n File Edit Foom Color Region 'll.'S Analysis Help

File

uncrowded fields (e.g. e

Physical x J77.000 hi 364.000
s .l-d . s .I-a rS) Image b J77.000 Y J§4.000
Frame Zoom 1.000 Ang 0.000

@ Make dither step large
enough to avoid PSF
overlap

@ Sky & Object frames
simultaneous

@ General note: typically
unguided
@ Short exposures: GS
re-acq. => large
overhead




Dithering (large steps)

% SAOImage ds9

File Edit Frame Zoom Color Region WCS Analysis Help

File ohish_766_ss

@ For small extended
sources and/or large e —

Physical

Imarge

a r ra ys Framel F00im IW Ang IW 52
Fle | Edit | Frame Zoom Color | Region  WCS

@ Large dither steps
(arcmin scale)

® Simultaneous object
and sky frames

® Reduces effective FOV

@ Difficult to find local
field stds., esp. at
high gal. latitude




Dithering (Off-target)

@ For large extended
sources and/or small
detectors

Color Region WCS Analysis

® Interleave object
exposures with nearby
uncrowded sky fields

@ Dither target & sky
frames (small steps)

® Retains FOV

@ Large overhead.

@ BG limited -> sky
needs to be as well
exposed as target
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Registration Methods

@ Blind: take offsets as given

@ Easy but not accurate, esp. if unguided

@ Point 'n’ click, centroid/fit matching
@ Moderate accuracy, prob. good enough for AP
@ May be a problem for PSF fitting

@ Cross-correlation

@ Can be tricky & unstable, (sparse fields, structured
noise!)

@ "Postage Stamp” X-Corr (Use only select
portions of field with emission)



IR Photometry

@ Generally similar to optical, with a few
caveats

@ Sensitive to changes in humidity.
@ Observe stds. often.
@ Keep track of humidity

@ In principle, can be included in photometric soln.

® Stay Linear!

@ Shallow wells.

@ Check pre-subtfracted images.



IR Photometry

@ Beware of short exposures on shutterless
cameras
@ Fewer field stars, at least at high gal. lat

@ Must keep both SN and field star on detector for
rel. phot.

@ Only overlap region in final stack is valid for
rel. phot.

@ PSF variation in unguided stacks?



IR Standard Stars

@ Mauna Kea system (MKO-NIR)
@ Legget et al. 2003

@ 2MASS JHKKs

® Persson et al. 1998

& UKIRT, UKIRT FS, etfc... JHK, L' M’
® Casali & Hawarden 1992, Hunt 1998

@ SAAQ
® Carter & Meadows 1995

® ESO JHKL M’
® Bouchet, Manfriod & Schmider 1991

@ CTIO/Caltech
@ Elias et al. 1982, 1983



Photometric Solutions

Can vary between different sites!

/ -
ssub—/ fast ) ( )dAwaf

N,

T R fast(20)9(A0)1(A0)T(Ao)

N,

e;uced ~ fast(No)Xx (Ao, color, airmass...)

Mast = Minst + LPt(Aog, color, airmass...)

+S( Ao, color, airmass, site...)



Interpreting Photometry




Interpreting Photometry

@ Photometry: not monochromatic flux density

® Convolution of source, filter, transmission & inst.
response functions

@ In continuum dominated objects, the convolution is
relatively benign

® In SNe, the interaction between filters &
features is more severe

@ Photometry dependent on redshift, spectral
evolution, population variance...

@ Interpreting photometric behavior requires some
knowledge of spectroscopic behavior, as well as a
good understanding of filter passbands & system
response, eftc...



Infrared Spectroscopy
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IR Spectrograph Designs

@ "Imager +"

@ Primarily an imaging camera with a grism and slit
installed

@ 1 Grism, M=1, L=2, K=3, H=4, J=6,7...
® "Band at a time” (at best)

@ Hard to get broad wavelength coverage

@ e.qg.: NIRI/GEMINI-N
@ (Imaging) spectrograph
@ Well outfitted for spectroscopy

@ Good low-res modes (“octave at a time”)
@ e.g: LIRIS/WHT, CISCO/Subaruy,



IR Spectrograph Designs

@ Cross-dispersed spectrographs
@ Low-order echelle mode
@ Single setup for entire detector range
@ e.g.: SpeX/IRTF, GNIRS/Gemini-S
@ Very efficient observing
® Harder to reduce
® OH-Supression
@ Block OH line emission
@ High-res background at low spectral resolution

@ Very faint object spectroscopy



Taking IR spectral data

@ Telescope/instrument features that will make
life a lot easier

@ Accurate offsets, preferably while guiding

@ Aids target acquisition and nodding

@ Stable (repeatable) slit position

@ Aids target acquisition, telluric correction
@ IR quiding
@ Differential refraction, differential flexure
@ Note: Sky BG is your enemy!
@ Use small slits to keep the sky out

@ Bad seeing is a big problem



Getting sky data

@ For PS, nod (dither) to multiple locations
along slit (typically 2: ABBAAB...)
@ Nasty cosmetic problems? Try more nod positions

® Accurate offsets?

® For confused BG and/or diffuse objects,
obtain off-target sky frames (painful)

@ Integration times: typically a few minutes
per exposure.

@ Want to reach BG-limited regime, but keep counts
linear

® OH-lines vary on scales of a few minutes



Telluric Correction

@ TC is a must in the IR

@ Most of IR is affected by telluric absorption, in
many places quite severely

@ Choose 'standards’ that will match target
airmass

@ Near target, bracket observations
@ Same dec, before or after target (e.g. + or - 1lhr)

® Chose star at AM of observation just when
observing standard...

@ Usually a desperation tactic. Stars at extreme dec where
AM changes slowly can sometime be helpful

@ Beware short exp. with shutterless cameras



Telluric Correction
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What stars to use?

@ Choose stars with well known spectral types
@ Need to remove stellar features from spectrum
@ Often using std for flux calibration

@ Solar Analogue (as close to G2V as possible)
@ Use solar spectrum to remove stellar features
@ Lots of subtle features in G-star spectra....

@ A stars
@ Simple spectrum

@ Strong H features

@ F-stars: split the difference
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What stars to use?

® Hanson method: use both G stars and A stars

@ Use Solar Analogue method to remove telluric
features from the A-star.

@ Fit the stellar features in the corrected A-star
spectrum, and remove them from the uncorrected
A-star spectrum

® Use result to remove telluric features from the
target

@ Limits uncertainties in G-star spectrum to A-star
stellar features

® Need 2 stds!

@ See Hanson et al. 1996 ApJS 107 281;
1998 AJ 116 1915



Where to find them?

@ Bright Star Catalog

@ General Catalogue of MK Spectral Types
@ Hipparcos Catalog

@ SAO Catalog

@ Lists and searchable databases at UKIRT,
IRTF, Gemini, Subaru websites (probably
others as well)



Other Calibration Data

@ Flats: As with optical, usually use on-
instrument/telescope flat-lamp

@ Bias/Darks: Often not needed. (Exceptions:
flats with no “off”, high dark current, obs
with no sky frames...)

@ Wave cal: Arc lamps (e.g.: Ne, Ar, Xe) or
OH-lines

@ OH not sufficient for K-band. Also beware aliasing
& confusion with low-res

@ Spectrophotometic Stds: There arent any

® Use felluric stars and stellar atm. model

@ Photometry: The best way to flux!



Processing spectral data

@ Mostly similar to optical reductions

® No overscan
® use bias, dark, or 'off’ frames for flats

@ removed with sky-subtraction for data

@ Check for thermal signature in flats
@ "Response” flats with low order fit

@ Avoids amplifying noise at the ends of the
spectrum, while removing high frequency filter
features

@ FF data by setup



File Edit Frame

% SAOImage ds9

Foom Color Region WCS Analysis  Help

= | dCl | a
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X | 697.000 Y | 165.000
Zo0im | 0.500 Ang | 0.000 |

File Edit Frame | Zoom | Color | Region WCS
align wcs | in | out | center none ® ¥ | xy

@ Mostly

® No over]
@ use bi

@ remov

@ Check f}
@ "Respor]

@ Avoids
spectr
featur

® FF data

the
cy filter
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Sky Subftraction

@ For 2-point nod
patfern, subtract
pairs

@ Else combine other
nods (perhaps with
high-pixel rejection
and subftract.




Sky Subftraction

@ For 2-point nod
patfern, subtract
pairs

@ Else combine other
nods (perhaps with
high-pixel rejection
and subtract.




Sky Subftraction

@ For 2-point nod
patfern, subtract
pairs

@ Else combine other
nods (perhaps with
high-pixel rejection
and subtract.




Sky-sub helps!

ene X! graphics1 8eo0e [X| graphicsl
File Edit Page Window File Edit Page Window
HDADSTRAF "-f? 12 2-EXPORT {ge ardyﬂhalhsh,]nca] aun 21:R1:M Uﬁ Feb-2005 HOAQ/TRAE W2 12 2-EXPORT ger ard1v9|'~3|115t1.]nta1 sun 2852 06-Feb-2005
| junk_roz=_1d.Tils1%, 1,111 =n9%g 900, ap:!1 beam:! |JUI'I _es 1dTidsl5, 1,111 5099y 900, ap:! beam:!
| | | | | | |
3000 |— _ 3000 — —
2000 — -
2000 |— -
1000 (=
1000 —
-
0= -
-1000 =
2000 L_L | | 1 l 1 | l l
0 200 400 00 800 | 200 400 &0 a0
pinal pinal






-..._
e,
-

&
x



Pre- or Post-combine?

@ If nod positions are stable, stack as 2D nods

@ Extract stacked nod positions & wave-cal data

@ Else, extract single exposures

® Wave-cal & combine individual exposures
@ Weight combinations by counts or S/N?

@ Extract & wave-cal as with opftical data

@ Do second background subtraction, inferpolating or
fitting sky in apertures adjacent to tfarget.

@ OH-lines can provide a measure for wave-cal
stability and effective spectral resolution



After extraction &
wavecal...

@ (Divide by smoothed stellar spectrum?)
@ Create instrumental response spectrum

@ Create telluric absorption corrections For\
each obs. Can be 1 step

@ Calibrate data (to relative spectrophotometry)
@ Match & join overlapping spectral setups

@ Use photometry (if available) to set final flux
levels



Multiplicative
corrections

o)
correction A=
e : ( ) f“z’deal”(A)
SPECmeas(A)
SPeCs figed (A) = = Gds)

Telluric correction, instrumental response, eftc...



Building an instrumental
response spectrum

% irafterm

HOAD-TEAF %W2,12,2-EXPORT spazboylfzuzy,locsl Tue 00:41:26 08-Feb-2005
Loni=z_105_1d_wawl: hrdb7d 2, ap:l beam:l

15000~ =]

10000 = d‘ =

RO0O0 = =]

O | ] ] ] -
10000 12000 14000 16000 18000

bavelength tangstroms!

Start with spectrum of telluric star



uilding an instrumenta
response spectrum

% irafterm

HOAD-TEAF %W2,12,2-EXPORT spazboylfzuzy,locsl Tue 00:48:40 08-Feb-2005
CFluw_RoYW_g3wdd: Floux_AMW_vwiO,fits IMDEF ap:l beam:l

2., 00ES

1,50E8

1,00E8

5, 00EY

] ] ] ] |
10000 12500 15000 17500 20000 22500 25000

Divide by spectral model



Building an instrumental
response spectrum

% irafterm

HOAD-IRAF “Z,12,2-EXPORT spazhoylEzuzy,local Tuese 00:d5:27 08-Feh-2005
Laztar=_ijh_resp,fit=l: test 10, ap:l heam:l

| | | | |
1.5 -
1.25 -
1 =
Lo -
=l -
25 =
o1 ] ] ] -
10000 12000 14000 16000 18000

bavelensgth f{angstroms!

Combine with ratios of other TS/model pairs



Building an instrumental
response spectrum

% irafterm

HOAD-TEAF %W2,12,2-EXPORT spazboylfzuzy,locsl Tue 00:d46:25 0B-Feb-2005
[ijh_respcor_fitl: test 10, ap:l beam:l

] ] ] ] ]
10000 12000 14000 16000 18000

bavelength tangstroms!

Fit continuum of averaged ratios



Using a smoothed stellar
spectrum

@ Can help to remove any sharp or “high
frequency” features in instrumental response
function without resorting to high-order
fitting function

@ “Clip out” telluric and stellar features and
"smooth” spectrum.

@ Divide into all data, stds, etc.

@ "idealised” is flat spectrum...



Using telluric stds

@ Divide telluric standards by model atm.
spectra to remove stellar features and set
Instrumental response correction

@ e.g.: Kurucz models

® Solar analogue: use solar spectrum to remove
stellar features, then use line-removed model to fix
continuum

@ Average response from several TS to create global
response?

® Tweak telluric correction?
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Final Stages Example

X| irafterm

HOAD-IRAF YW2,12,2-EXPORT zpazboylzuzy,local Tue 01:14:04 08-Fekh-2005
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SN: single exp. extracted spectrum






Final Stages Example

X irafterm

HOAD-IRAF YW2,12,2-EXPORT zpazboylzuzy,local Tue 01:11:48 08-Fekh-2005
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Merging orders/setups

@ If data exist in multiple overlapping setups
(or orders for x-disp).

@ Divide 1 overlapping spectrum by the other
® Where ratio is flat, measure ratio

® Where ratio diverges, trim
@ Multiply one spectrum by appropriate constant
@ Combine trimmed, normalized spectra

@ Check for artifacts, esp. at the edges of overlap



Fluxing IR Spectra

@ No spectrophotometric standards

@ Fluxing off the slit:

@ Use optical mag & type of telluric stds

@ Observe optical spec-phot stds & match at blue
end of IR

@ Observe NIR phot stds.
@ Slit losses! (Small slits keep out the sky!)



Fluxing IR Spectra

@ Better: Flux with NIR photometry!

@ Use your imaging spectrograph!

/ Nm;”uced o /OOO fast(A)@(A)n(A)T(A)dA

o /O N ()N () A

@ Cross check with instrumental response, etc




Exotica: Cross dispersion

6 DisPerse Weakly PerP. - _ X SADImage-df.El

File Edit Frame Zoom Scale Color Region WCS  Analysis

to main dispersion axis &

Value
WCS

@ Orders dont overlap  [sm

Image

Framel Zoom .Fulg I] oon

O n C h i P oo g ell- .I- h e m a I l Edit Frame IW Scale Color Region WCS
align wcs out . center IW | .

at the same time!

@ Curved spectra!

@ Tracing apertures is
trickier

@ Telluric stds. can
make good aperture
guides... try to hit
the same nod
positions




Exotica: OH suppression

® The idea:

@ Disperse spectrum to high resolution, mask out OH
emission, and converge beam back fo low dispersion

@ Low-res spectrograph with the background of a
high-res spectrograph

® The effect:

@ Can reduce the BG in J and H by 99% or more!
@ Long Exposures: BG limited in 2000s

® Push a mag or two deeper below sky



Exotica: OH suppression

® Some issues:

® O, and thermal not blocked

@ OH mask makes dropouts in spectrum.
@ Largely removed with telluric correction
® Beware of interaction between unresolved lines and OH mask

@ Wave-cals can interact with mask.

@ Long Exposures... keep an eye on the tellurics



Final Thoughts

@ Airmass Kills, Seeing Kills, Humidity Kills, Sky
Brightness Kills...

@ Using TS from other nights doesnt work well
@ S/N highly wavelength dependent

@ NS lines CAN make correlated noise features
@ Coadds are your friend, (esp. imaging)

@ Grayscale -> Orangescale

@ Use wacky units

@ Log plots are your friend



