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STIS is the most versatile spectrograph ever to fly in space  	


Objectives:  Demographics of Supermassive Black Holes, Active Galactic Nuclei, Interstellar 

Medium, Exoplanetary Atmospheres, Solar System Aurorae	



•  STIS brought 2D/Hi-Res/UV-Opt-Near IR spectroscopy to HST (a unique capability)	


•  Pioneered studies of supermassive black holes, complex dynamics of galaxy nuclei	


•  Produced first (only) detection of an exoplanetary atmosphere	


•  With COS, has brought the full set of spectroscopic tools to HST	



Supermassive black 
holes & dependencies 
on galaxy properties 

Exoplanetary atmospheres: 
increasing the sample to ~ 10! 

Active galactic nuclei—making full use of STIS’s 
unique spatial coverage to probe dynamics of  
complex objects 



COS is the most sensitive UV spectrograph to fly in space  	


Objectives:  Structure Growth in Early Universe, Galaxy Formation & Heavy 	



Element Production, IGM Baryon Census, Solar System Planetary Atmospheres	



•  COS exploits an element of “performance space” STIS didn’t pursue… 	


 - COS has > 10x FUV thruput of STIS & up to 70x STIS speed	


 - COS is uniquely suited to address particular scientific questions…	



•  How many baryons are in 	


low-density absorbing 	


clouds?	


•  What fraction of IGM is 
heavy elements, what is 
dependence on redshift?	


•  Primordial hydrogen 
clouds in filament voids?	



•  What are galaxy halo sizes, shapes, metallicities, 	


 and kinematics?	


•  How do galaxies transport heavy elements into	


IGM, and how far?  What galaxy types do this?	





Observation speed to reach S/N=10  
at spectral resolution λ/Δλ=20,000 at 1600 Å 
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Unexplored discovery space 

COS Discovery 
Potential 



•  COS has 2 channels to provide low and medium 
 resolution UV spectroscopy 

–  FUV: 1150-1775Å, NUV: 1700-3200Å 

•  FUV gratings: G130M, G160M, G140L 
•  NUV gratings: G185M, G225M, G285M, G230L 

–  All M gratings have a spectral resolution requirement of R ≥ 20,000 

NUV MAMA 
Detector 

Calibration 
Platform 

FUV XDL 
Detector 

OSM2: G185M, G225M, 
G285M, G230L, TA1 

OSM1: G130M, 
G160M, G140L, 
NCM1 

Aperture Mechanism: 
Primary Science Aperture, 
Bright Object Aperture 



Cosmic Origins Spectrograph	


Installation	
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061909_PMB_STIC.ppt	
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061909_PMB_STIC.ppt	





Space Telescope Imaging 
Spectrograph���

Repair���
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061909_PMB_STIC.ppt	
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061909_PMB_STIC.ppt	





rewind...STIS repair	
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061909_PMB_STIC.ppt	





19	

061909_PMB_STIC.ppt	









COS Science Themes 

"   What is the large-scale structure of 
matter in the Universe? 

"   How did galaxies form out of the 
intergalactic medium? 

"   What types of galactic halos and 
outflowing winds do star-forming 
galaxies produce? 

"   How were the chemical elements for 
life created in massive stars and 
supernovae? 

"   How do stars and planetary systems 
form from dust grains in molecular 
clouds? 

"   What is the composition of planetary 
atmospheres and comets in our Solar 
System (and beyond)? 





Cosmic web absorption features 



•  What is it?  Chemical composition 
•  What state?  Molecular/atomic/ionic 
•  Hot hot?  Temperature 
•  How much?  Quantity  
•  How fast?   Velocity  
•  Where is it?  Location (redshift) 

Intergalactic Oxygen 



Credit: X-ray: NASA / CXC / JHU / D.Strickland; 
Optical: NASA / ESA / STScI / AURA / The Hubble Heritage Team;  
IR: NASA / JPL-Caltech / Univ. of AZ /C. Engelbracht 

Starburst Galaxy M82 
Galaxies accrete 

intergalactic matter...  

... then expel dust, gas, and heavy elements back into the intergalactic 
medium. 



a supernova	





Supernova remnant LMC N132D ■ ACS/WFC WFC3/UVIS���



probing the tattered remains of supernova remnant N132D	





COS team early results	











QSO PKS 0405-123 ■ COS	
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Courtesy Charles Danforth and the COS Science Team	





Courtesy Charles Danforth and the COS Science Team	





Courtesy Charles Danforth and the COS Science Team	





An Illustrative Problem  

•  Significant fraction of FUV lines cannot be identified with current line 
lists 

•  Either lines are missing or f-values are highly inaccurate 

•  Problem seen in stellar spectra covering a wide range in effective 
temperature 

•  Likely due to transitions to highly-excited levels, especially in iron-
group ions 
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Unidentified Lines and/or Inaccurate  f-values in the FUV 
chi Lupi, B9.5p, Teff=10,650 K (Leckrone, et al. 1999) 



Unidentified Lines and/or Inaccurate  f-values in the FUV 
White Dwarf REJ0503-289, Teff = 70,000 K; FUSE observation 

Barstow, et al. (includes “Kentucky” line database – www.pa.uky.edu/peter/
atomic/) 



TRANSITING EXOPLANETS (“HOT JUPITERS”) 

PRIMARY ECLIPSE –  
Spectroscopy/Photometry probe 
terminator region in absorption 

SECONDARY ECLIPSE –  
Spectroscopy/Photometry probe 
dayside in emission/reflection 

OBSERVATIONS WITH HUBBLE (NICMOS) AND SPITZER 
•   Enable identification of atmospheric molecular and atomic constituents 
•   Provide information about thermal profiles, dynamics of atmospheres 
•   At least four “hot Jupiters” observed to date 
•  Observed constituents include CH4, H2O, CO2, CO 

  e.g. G. Tinelli, M. Swain, et al. 





HUBBLE/NICMOS PRIMARY ECLIPSE SPECTROSCOPY 
OF HD189733b 

M. Swain, G. Vasisht, G. Tinetti 2008, Nature, 452, pp. 
329-331 



HUBBLE/NICMOS SECONDARY ECLIPSE SPECTROSCOPY OF 
HD209458b 

M.R. Swain, et al. 2009, ApJ, 704, pp 1616-1621 







Modeling and simulating jets   
(Hartigan et al., Rice Univ.,  

from Lab Astro presentation of R. Paul Drake, Univ. Michigan) 



Summary 
•  Following last year’s successful servicing, Hubble is more scientifically 

powerful and versatile than ever! 

•  Spectroscopy is particularly powerful, with STIS restored and the new 
Cosmic Origins Spectrograph  

•  Spectroscopy and related laboratory astrophysics are supporting studies 
of diverse sources including stellar atmospheres, supernova remnants, the 
IGM and Cosmic Web, astrophysical jets, and exoplanets 

•  Of particular need for laboratory astrophysics studies are the higher level 
atomic/ionic transition lines (identifications and f-values) for study of, 
e.g., stellar/ white dwarf atmospheres.  Also needed are better models for 
exoplanet atmosphere transit spectra, such as in the infrared. 

•  With no more planned astronaut servicing, and no new space flagship 
UV-optical mission in development (though technology development is 
recommended), it is important to maximize the scientific return of HST 
(and its archive) in its remaining years, including relevant laboratory 
astrophysics 


