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The Mid-Infrared Instrument for JWST 



Because the most dramatic gains with JWST are in 
the mid-infrared, I will discuss the context in that 

spectral region, specifically at 10mm. 



Groundbased thermal infrared astronomy is like  
finding a match in a blast furnace. 



Although progress in the near infrared has been phenomenal,  
10mm is another story. 



Gaining in the mid-infrared requires a cold 
telescope in space. The “safe” way to 
proceed is to put the telescope inside a 
dewar so it can be completely checked out in 
its operating condition just before launch, 
but this limits the size of the telescope 
severely.  
 
Tim Hawarden, and independently (and 
later) Frank Low, promoted a warm launch 
concept, where the telescope radiates its 
energy and cools after launch and in space. 

Space is the solution! 

The 10mm background in 
space is 107 times lower 
than from the ground. 



Aaahhh! That’s much better.  



With Spitzer, the warm launch concept was used  
to shrink the observatory.  
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Spitzer continued the phenomenal growth in 10mm capability. 
First 3 points are ground, then IRAS, ISO, and Spitzer. 



JWST provides the first LARGE cold  
infrared telescope in space. 



Spitzer, with a 0.85-meter aperture,  
was limited by resolution more than 
sensitivity. At 24mm, its beam was 6 
arcsec FWHM, and it reached the 
confusion limit in a few hours of 
integration. 



MIRI on the 6-meter JWST provides 
far higher resolution. It also has highly 
versatile capabilities. 
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But JWST with MIRI also continues the steep  
Moore’s-Law-like growth in sensitivity. 



Doing this isn’t easy. The whole JWST observatory weighs 
about 1/3 the weight of the tube of our 90-Inch. 



In Summary, JWST/MIRI Together Provide: 

• Sensitivity > 50 times improved over Spitzer, > 103 times ground performance 
 
• at sub-arcsec resolution, 5 – 28 microns, 
 
• with no atmospheric interference 
 
• plus the inherent stability of operation in space, 
 
• with a suite of versatile capabilities including  

• imaging 
• low resolution (R  100) spectroscopy 

• also slitless for planetary transits 
• moderate resolution (R  2000) spectroscopy  

• with an integral field unit 
• and coronagraphy. 
 

• If this advance does not produce revolutionary science, it is OUR (the  
astronomers) fault!!! 



MIRI: Designed and built by 
committee! And all done successfully. 
 
 
Contributions from: 
26 research organizations 
2 space agencies 
11 countries 
GSFC, JPL, & STScI 
Northrop Grumman,  
        EADS – Astrium,  
        & Raytheon 
 
Led by Gillian Wright and  
George Rieke (and  
Alistair Glasse and  
Mike Ressler) 

Read all about it at: 
http://ircamera.as.arizona.edu/MIRI 
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The MIRI Imager 



Pixels are 0’’.11 and there are nine photometric bands from 5.6 to 25.5 mm. 



The imager also provides low resolution spectroscopy. 



The low resolution spectrometer (LRS) is fed by a 0’’.51 
wide slit has a useful spectral range from 5 to 12 mm.  It 
can also be used in a slitless mode for planetary 
transits (but then has a unwanted spectral feature 
short of 5 mm). 



The coronagraphs are also part of the imager. One is a Lyot, three use phase masks. 



The four-quadrant phase mask is similar in layout to a conventional Lyot 
coronagraph, but it replaces the occulting spot with a mask that retards the 

phase by  in opposite quadrants. The result is that the light from a 
diffraction-limited point source centered on the mask is cancelled.  



The 4QPM allows small inner working angles, and has performance similar to a 
Lyot coronagraph at larger working angles. The price is that it is not achromatic, 

but must be operated in a narrow ( 10%) spectral band. 



The Medium Resolution 
Spectrometer (MRS) is fed by 
integral field units (IFUs) and 
dichroics arranged to give four 
overlapping fields. 



Pieces of the 
spectrum are 
delivered in 
pairs to two 
detector 
arrays.  
 
Three gratings 
per spectral 
range provide 
a full 5 – 28.5 
mm spectrum. 

That is, three 
exposures can 
provide the 
full spectrum 
over the entire 
set of IFUs. 





A cryocooler (from NGAS) brings MIRI down to < 6.5K, and should allow it to 
operate for the life of JWST (i.e., > 10 years).  Serious problems in the cooler 

development have been overcome and it is performing very well. 



The operation of the cooler is similar to that of your refrigerator. 

But much more complicated because of the low temperatures, integration with JWST, etc. 
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Some MIRI Science 

• The high redshift Universe: First Light 
• The obscured Universe: active galaxy nucleus evolution 
• The molecular Universe: biologically important molecules 
around forming stars 
• The cold Universe: planet atmospheres and thermal balance 



First Light: 
“something both 

beautiful and 
intensely 
dramatic” 



Integrations of 2 and 4 hours at F560W and F770W would yield a SNR of ten in each 
band on GN-z10-1. A 10-20 hour spectrum would detect Ha, the most readily 

detectable emission line (at the expected low metallicities).  

MIRI is the best way to provide 
new information about very 
high redshift, luminous galaxies 
such as GN-z10-1  (recently 
announced to be at z = 11.1) 
(Oesch et al. 2016). 
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AGN Evolution 



From Nicholas J. McConnell and Chung-Pei Ma 

Central black hole masses and masses in stars (or in this case velocity dispersion, s) 
are strongly correlated in galaxies. The black hole masses are 0.2% of the stellar 

ones. How and when did this relation get established? What maintains it?? 

Often termed the 
“Magorrian” 
relation after one 
of its discoverers. 



High redshift AGN host galaxy stellar populations and masses 

• Host galaxies obviously have to be young, so stellar populations will have very high 
luminosity per unit mass 
• If they are massive enough for the Magorrian relation,  they could account for  20% of 
the system flux at 2 mm 
• This would make the Balmer break (from moderately hot, fairly young stars) detectable in 
a high signal to noise spectrum 
• In favorable cases, it should even be possible to measure the velocity dispersion / mass 
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MOSFIRE on Keck has 
adequate spectral 

resolution but 50 times 
poorer sensitivity than 

NIRSpec (based on Wirth 
et al. 2015, AJ, 150, 153) 



There are a number of mid-IR fine structure lines indicative of active galactic nuclei 

• [Ne VI] 7.65 mm has ionization potential of 158 eV , much too high for stars 
• Also critical density of  106 cm-3 and very low interstellar extinction 
• Ratio to hydrogen recombination lines virtually independent of ionization parameter 
• Not readily confused with high mass X-ray binaries 



Are ULIRGs the nurseries for active galactic nuclei??? 

Arp 220 (HST): prototypical Ultraluminous 
Infrared Galaxy (ULIRG) with > 1012 Lʘ  from 

young stars 

?? 

• 1 hour with JWST 
could detect an AGN 
with a luminosity of 
107 Lʘ 
• This is < 10-5 the 
luminosity in young 
stars  
• [NeVI] is even less 
affected by extinction 
than are hard X-rays 
(Rigby et al. 2009) 
• [NeVI] should not be 
excited by 
ultraluminous X-ray 
sources (ULXs) or 
high-mass X-ray 
binaries (HMXBs) 
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JWST is two orders of 
magnitude more 

sensitive to obscured 
AGN than NuStar 
(Teng et al. 2015) 



Studying Forming Stars and Prebiological Molecules  



Atmospheric absorptions block the  
infrared interstellar windows! This is a serious 

obstacle for studies of young stars. 
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Operating in space enables 
spectroscopy of water and 

other biologically 
important basic molecules. 



From space, MIRI will be able to study rich  
spectra of water and other prebiological molecules  

(simulated spectrum from Klaus Pontoppidan). 



Simulated spectrum of a super-Earth and two MIRI 
photometric bands. The spectral continuum is in blue 
and the effects of absorption features in black. The 
MIRI imager spectral bands at 11.3 and 15 μm are 
shown in red along the x-axis (Deming et al. 2009). 
The depth of the CO2 absorption indicates whether 
the planetary atmosphere is hydrogen poor (shown 
here) or hydrogen rich (in which case there is virtually 
no absorption) (Miller-Ricci et al. 2009). 

Planet emission can be 
measured in secondary 
eclipses. This example is 
for an all-out effort 
combining multiple 
eclipses of a super-Earth. 



The MIRI capabilities are so far beyond what we are 
used to that it takes significant time and effort to figure 

out how to use them! 

Learn more about them at: 
 

http://ircamera.as.arizona.edu/MIRI/ 
http://www.stsci.edu/jwst/instruments/miri 
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