
Data Reduction with NIRI 

Knut Olsen and Andrew Stephens 
Gemini Data Workshop 

Tucson, AZ 
July 21, 2010 



Near InfraRed Imager and Spectrometer 

• Built by UH/IfA 

• Science data since 2002 

• Primary reference: 
Hodapp et al. (2003) 





Relevant News 

 2010 April 29: Beam splitter wheel 
locked in f/6 position 

 2010 June 21: Focal Plane Unit became 
stuck, locked in f/6 imaging position 



Goals 

Delorme et al. (2008) 
GN-2007B-Q-3 (PI Albert) 

Altair SV dataset 
Davidge et al. (2005), Olsen et al. (2006) 



Preliminaries 

• Will use Gemini IRAF package, following NIRI examples 

• Additional important NIRI tools: nirlin.py and nirinoise.py 
courtesy of Andrew Stephens 

• Andy Stephens provided spectroscopic reduction example 



Local Group Survey (Massey et al. 2002) image




V I 

Crowding introduces photometric error through luminosity fluctuations 
within a single resolution element of the telescope due to the unresolved 
stellar sources in that element. 



To calculate the effects of crowding on magnitudes and colors, we 
need only consider the Poisson statistics of the luminosity functions 
(e.g. Tonry & Schneider 1988) 

For magnitudes: 

For colors: 
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Magnitudes at which 10% photometry is possible in 
regions of surface brightness ΣV=22, ΣK=19 for 
galaxies at the indicated distances.


HST (optical)
 Gemini North
 30-m (near-IR)




Bulge 1: 520s J, 480s H, 880s K



0.”15 J, 0.”09 H, 0.”09 K


Bulge 2: 320s J, 320s H, 1040s K



0.”11 J, 0.”085 H, 0.”09 K


Disk 1: 960s J, 960s H, 3480s K



0.”11 J, 0.”09 H, 0.”10 K


Disk 2: 540s H, 3420s K

0.”059 H (~30% Strehl), 0.”066 K (~40% Strehl)


Gemini N+Altair/NIRI SV 
observations, 18-19 Nov 2003 
(one night photometric)


Disk 2 field observed 14 Sep 
2006: 0.´´2 - 0.´´3 seeing, 
photometric


NIRI/Altair provided near 
diffraction-limited imaging in HK 
over 22.´´5 × 22.´´5 field


We also include published HST/
NICMOS data from Stephens et 
al. (2003)




Analysis 

• Usefully measure 
stars as faint as MK = 
-4 to -5 (includes 
TRGB) in bulge and 
inner disk (published 
in Davidge et al. 
(2005) and Olsen et 
al. (2006) )


• Disk 2 field reaches 
level of horizontal 
branch




• PSF-fitting photometry with DAOPHOT/
ALLSTAR


Fits the core of the PSF (0.”44 
diameter), neglecting the halo


• Corrections applied to account for:


-difference between PSF and aperture 
magnitudes out to a diameter of 0.”66 
(30 pixels): ~0.3 mags


-difference between 0.”66 diameter 
aperture magnitudes and 4.”4 diameter 
aperture magnitudes: ~0.4 - 0.6 mags


-spatial variability of the aperture 
correction


-transformation of magnitudes to 
standard system




• PSF-fitting photometry with 
DAOPHOT/ALLSTAR


Fits the core of the PSF (0.”44 
diameter), neglecting the halo


• Corrections applied to account for:


-difference between PSF and 
aperture magnitudes out to a 
diameter of 0.”66 (30 pixels): 
~0.3 mags


-difference between 0.”66 
diameter aperture magnitudes 
and 4.”4 diameter aperture 
magnitudes: ~0.4 - 0.6 mags


-spatial variability of the 
aperture correction


-transformation of magnitudes 
to standard system




Bulge 2 field


• Completeness and photometric 
errors calculated from extensive 
Monte Carlo simulations


• Both simulations and analytical 
crowding calculation (Olsen, 
Blum, & Rigaut 2003) indicate 
that crowding dominates errors for 
bulge and inner disk; do not go as 
deep as expected in Disk 2 field


• Restrict analysis to magnitudes 
with >50% completeness


Disk 2 field




• Build models from isochrones (Girardi et al. 2002):


Age = 1, 3, 5, 10 Gyr; Z=0.0001, 0.0004, 0.001, 0.008, 0.019, 0.03; Salpeter IMF for bulge and 
inner disk; finer age grid for Disk 2 field


• Apply photometric errors and incompleteness to models


• Fit model mix to LFs using maximum likelihood analysis (Dolphin 1997, Olsen 1999, Dolphin 
2002); assume E(H-K) from IRAS/ISO; solve age and Z; (m-M)0 = 24.45




Fit to LF: P ~ 6 - 17%


Example: two 
fields with Bulge/
Disk ~ 1


Fits are dominated 
by the oldest 
populations




• Old ages, nearly solar 
metallicities dominate


• Metal-poor 
intermediate-age 
populations are 
probably spurious


• Luminosity-weighted 
age, [Fe/H] = 8 Gyr,     
0.0 (-0.5)


• Mass-weighted age, 
[Fe/H] = 8.3 Gyr, 0.0  
(-0.4)




• 30% of stellar mass 
formed within last 250 
Myr: prominent 
signature from the 10 
kpc ring! 


• 35% of the stellar mass 
appears ancient and 
metal-poor


Block et al. (2006): Suggest that a collision between  
M32 and M31 formed the rings ~210 Myr ago 



Increased sky 
coverage of LGS 
allows dense spatial 
coverage of M31 disk 
and comparison with 
HST photometry 


