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Introduction to  MIRI Capabilities  for Deep Imaging - 1 

MIRI ‘s unprecendented sensitivity in the mid-IR means it can 
provide critical data in the epoch of ionisation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

 
 

At long wavelengths MIRI 
sensitivity is limited by 
telescope background 
radiation 
 
Therefore for deep imaging of 
very faint high redshift 
sources the filters at  5.6, 7.7, 
10.0 and 11.3 microns are of 
most interest 
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MIRI provides diffraction limited 
images of FWHM 0.32 arcsec at 10um 
sampled with 0.11 arcsec pixels 
 
The field for imaging is 74x113 
arcsec 
 
To obtain the best sensitivity 
observations are taken using a pre-
defined dither pattern 
 
JWST instruments do not 
simultaneously image the same field 

The relatively small field size of MIRI means that it is not well suited to wide 
area searches /surveys 
 
MIRI is best used to study areas already well studied or follow-up known or 
suspected very high redshift sources to constrain their properties 
 



Reionization Epoch: start: z ~ 1000 (CMB)       end: z ~ 6 (QSO) 
 
Key issue: where are the ionizing photons coming from? 
Most likely:  low luminosity star forming galaxies 

        <luminosity> unknown  
 
Need to push JWST + MIRI to the limit: Exploit Nature’s own 
extremely large Telescope 
 

  
Massive clusters: magnification by factors  ≤ 40  
of background galaxies 
 
emphasize on intrinsically faint galaxies 
 
unique feature for lensing cluster fields  
compared to blank fields (for the same  
investment in observing time) 
                       
Ex . Abell 2744  

  

 
 



 
 

Richard et al. (2014) HFF clusters 

HST	
  Fron<er	
  Fields:	
  ~140	
  orbits	
  per	
  cluster	
  -­‐>	
  
many	
  more	
  mul<ple	
  images	
  -­‐>	
  large	
  improvement	
  in	
  	
  
lensing	
  models	
  -­‐>	
  accurate	
  magnifica<on	
  maps	
  and	
  effec<ve	
  
volumes	
  
	
  
Strong	
  emphasis	
  on	
  obtaining	
  more	
  spectroscopic	
  redshi^s	
  	
  	
  
	
  
	
  

Magnifica<on	
  	
  0	
  	
  	
  -­‐>	
  	
  	
  10	
  



Atek	
  et	
  al.	
  (2015)	
  

Typical	
  magnifica<on:	
  	
  
1.0	
  –	
  1.5	
  mag	
  



Robertson	
  et	
  al.	
  (2013	
  

<-­‐	
  Planck	
  

<-­‐	
  Planck	
  

<-­‐	
  	
  	
  available	
  



Atek	
  	
  et	
  al.	
  (2015)	
  	
  	
  	
  z	
  ~	
  7	
  –	
  8	
  	
  	
  HFF	
  

MAB	
  	
  	
  <	
  -­‐15	
  ,	
  	
  Φ(m)	
  increased	
  for	
  MAB	
  	
  	
  >	
  -­‐18	
  	
  	
  	
  	
  	
  	
  	
  	
  



Main spectral features for high – z objects: 
Lyα break -> redshift 
Balmer jump and slopes ≤ 4000 Å  
!   age 
Very young population -> emission lines, UV slopes 
 
Old star populations in high-z objects 
e.g. Egami et al. 2005, Eyles et al. 2005, Richard et al. 
2011, Zeng et al. (2012) 
 
stellar population synthesis ! 
 
z ~ 6 stellar age ~400 – 500 mill yrs 
à 8 < z < 13 -> information about SFR  at age(z)  
and previous epochs 



Eyles	
  et	
  al.	
  (2005)	
  z	
  ~	
  6	
   Richard	
  et	
  al.	
  (2011)	
  Abell	
  383,	
  	
  
z	
  ~	
  6,	
  µ	
  ~	
  11	
  



	
  	
  	
  MIRI	
  	
  	
  
5.6	
  	
  	
  7.7µm	
  x	
   x	
  -­‐>	
  

Zeng	
  et	
  al.	
  (2012)	
  MACS1149-­‐JD1:	
  z	
  =	
  9.6	
  ±0.2,	
  	
  µ	
  ~	
  14,	
  age	
  ~	
  500	
  Myr	
  

Age	
  ~500	
  Myr	
  -­‐>	
  z(stellar	
  pop)	
  >	
  11.3	
  

MIRI	
  capability	
  for	
  
constraining	
  stellar	
  
popula<on	
  models	
  
for	
  high	
  z	
  sources	
  

Bright	
  
object	
  !	
  



Justification for MIRI/JWST 
 
MIRI has unique sensitivity > 5 µm, complementing  
the sensitivity of NIRCam at lower wavelengths 
 
NIRCam? F440W clean Balmer jump: z < 9,  z > 9 MIRI 
 
To obtain SED’s to constrain stellar mass and reddening:  
coverage restframe > 0.7µm required -> 
 
                               NIRCam       z ≤   5  
                               MIRI 5.6µm  z ≤   7  
                               MIRI 7.7µm  z ≤ 10 
  



 
  

The predicted number of pop III galaxies  
per square arcmin (Zackrisson et al. 2012). 

To discover First Light Objects: a key science goal 
for JWST 
  
Single First Light Object very faint even for NirCam 

Primodial gas Z = 0 (POP III) 
 
First Light stars formed in 10**5 –  
10**6 Mo dark halos, mass > 100 Mo,  
z = 20 – 50  
Lifetime a few mill. Yrs 
 
POP III galaxies formed in 10**7 – 
10**8 Mo dark halos, z ≤ 15 
 
Zackrisson et al. (2012) 
POP III galaxies(z) based on Trenti et al. (2009) dark halo simulations 
and detailed modeling of formation, spectral evolution etc  



Zackrisson et al. (2011) Yggdrasil (Tree of Life!)  
spectral analysis code -> color criteria for selecting  
Pop III galaxies   
 
Combination of MIRI and NirCam: 
m(560) – m(770) <-> m(444) – m(560) 

Follow-up spectroscopy 
of brightest objects will  
be needed  

Z	
  =	
  8	
  	
  



Capability	
  of	
  MIRI	
  for	
  deep	
  Imaging:	
  
Ex.	
  assuming	
  20	
  h	
  observing	
  available	
  -­‐>	
  
limit	
  AB	
  27.9	
  (<5.6µm,	
  7.7µm>,	
  4	
  σ)	
  can	
  be	
  obtained	
  
supplemented	
  with	
  NIRCam	
  photometry	
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  number	
  of	
  sources	
  detected	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Richard	
  (2015)	
  based	
  on	
  Atek	
  et	
  al.(2015)	
  	
  

	
  luminosity	
  func<on	
  
	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  numbers	
  for	
  3	
  cluster	
  and	
  2	
  blank	
  fields	
  

DROP-­‐FIL	
  T	
  	
  Z	
  -­‐	
  INTERVAL	
  	
  	
  	
  BLANK	
  	
  	
  CATS	
  	
  	
  	
  	
  	
  	
  	
  3L	
  +	
  2B	
  
	
  
F070W	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  4.9	
  -­‐	
  	
  6.3	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  26.3	
  	
  	
  	
  	
  	
  19.6	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  111	
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  19.0	
  	
  	
  	
  	
  	
  15.1	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  84	
  
	
  
F115W	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  8.3	
  -­‐	
  10.5	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  10.6	
  	
  	
  	
  	
  	
  	
  	
  9.1	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  49	
  
	
  
F150W	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  10.5	
  -­‐	
  12.5	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  5.3	
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The	
  5	
  x	
  20	
  h	
  deep	
  MIRI	
  observa<ons	
  will	
  
also	
  detect	
  a	
  lot	
  of	
  low	
  –	
  redshi^	
  objects	
  
(z	
  <	
  6)	
  
	
  
>	
  1000	
  sources	
  	
  	
  	
  2.0	
  	
  <	
  z	
  <	
  	
  	
  4.9	
  
	
  	
  ~	
  100	
  sources	
  	
  	
  4.9	
  	
  <	
  z	
  <	
  	
  	
  6.3	
  
	
  
	
  	
  
	
  
	
  



Galaxy	
  sizes:	
  strong	
  evolu<on	
  with	
  z	
  	
  

MIRI	
  6	
  	
  -­‐	
  8	
  µm	
  imaging	
  -­‐>	
  
	
  
first	
  <me	
  direct	
  high	
  resolu<on	
  obs	
  	
  
(6	
  <mes	
  beter	
  than	
  Spitzer)	
  -­‐>	
  
	
  
morphology	
  of	
  the	
  older	
  	
  
(>	
  100	
  Myr	
  )	
  stellar	
  popula<ons	
  
	
  
Unique	
  for	
  establishing	
  the	
  	
  
rela<onship	
  between	
  assembly	
  of	
  the	
  stellar	
  mass	
  and	
  size	
  
growth	
  for	
  z	
  >	
  3	
  

Kawamata	
  et	
  al.	
  (2015)	
  



Star	
  forma<on	
  peaks	
  z	
  ~1	
  	
  
Galaxy	
  mass	
  distribu<on	
  expected	
  
to	
  skrew	
  -­‐>	
  
low	
  mass	
  objects	
  	
  by	
  z	
  ~5	
  
	
  
Reliable	
  mass	
  es<mates	
  require	
  obs	
  
at	
  	
  
~1.5	
  µm	
  -­‐>	
  ~8	
  µm	
  at	
  z	
  ~	
  5	
  
	
  
MIRI	
  enables	
  obs:	
  	
  3	
  <	
  z	
  <	
  6	
  
	
  
-­‐>	
  faint	
  end	
  of	
  mass	
  func<on	
  	
  
	
  	
  	
  	
  z	
  	
  ~	
  3:	
  	
  ~10**8	
  Mo	
  
	
  	
  	
  	
  z	
  	
  ~	
  6:	
  	
  ~10**9	
  Mo	
  



Deep MIRI  imaging will provide unique 
information  needed for our understanding  of the 
details of  the Reoinization Epoch  e.g.  
 
the stellar populations in the sources responsible for the 
ionizing photons 
 
stellar masses, morphology and reddening of 
intermediate redshift objects. 
 
Identification of Z = 0  Objects 
  
 
 



 For More detailed information about MIRI capabilities:  
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